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INHIBITORS OF CRUZIPAIN AND OTHER 
CYSTEINE PROTEASES 

THIS INVENTION relates to compounds which are inhibitors of the protease 
cruzipain, a gene product of the Trypanosoma cruzi parasite. In particular, the 
invention provides compounds that are usefiil for the therapeutic treatment of 
Trypmiosoma cruzi infection, to the use of these compounds, and to phannaceutical 
compositions comprismg them. Furthermore, this invention relates to compounds 
which are inhibitors across a broad range of cysteine proteases, to the use of these 
10 compounds, and to pharmaceutical compositions comprising them. Such compounds 
are useful for the therapeutic treatment of diseases in which participation of a 
cysteine protease is implicated. 

The trypanosomal family of parasites have a substantial worldwide impact on human 

15 and animal healthcare (McKerrow, J. H,, et al, Ann. Rev, Microbiol 47, 821-853, 
1993). One parasite of this fanaily, Trypanosoma cruzi, is the causative agent of 
Chagas' disease, which affects in excess of twenty million people annually in Latin 
and South America, is the leading cause of heart disease in these regions and results 
in more than 45,000 deaths per amum (Centers for Disease Control and prevention 

20 website). In addition, with the mcrease in migration of the infected population from 
rural to urban sites and movements from South and Central America into North 
America, the infection is spreading via blood transfusions, and at birth. The present 
treatments of choice for Trypanosoma cruzi infection, niftirtimox and benznidazole 
(an NADH fumarate reductase inhibitor, Turrens, JF, et al^ Mol Biochem ParasitoL, 

25 82(l), 125-9. 1996) are at best moderately successful, achieving ^-60% cure during 
the acute phase of infection (see Docampo, R. Curr, Pharm. Design, 7, 1157-1164, 
2001 for a general discussion) whilst not being prescribed at all during the chronic 
phase where cardiomyopathy associated heart failure often occurs (Kirchhoff^ L. V. 
New Engl. J. Med., 329, 639-644, 1993). Additionally, these two drugs have serious 

30 adverse toxic effects, requiring close medical supervision during treatment, and have 
been shown to induce chromosomal damage ia chagastic infants (Gorla, N. B. al, 
Mutat Res, 206, 217-220, 1988). Therefore, a strong medical need exists for new 
effective drugs for the chemotherapeutic treatment of Trypanosoma cruzi infection. 
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Classically, the identification of enzymes found to be crudal for the establishment or 
propagation of an infectious disease has been instrumental in the development of 
successful drugs such as antivirals (e.g. HIV aspartyl protease inhibitors) and anti- 
5 bacterials (e.g. p-lactam antibiotics). The search for a similar Achilles heel in 
parasitic infections has examined nximerous enzymes (e.g. parasitic dihydrofolate 
reductase, see Chowdhury, S. F. et al, J, Med. Chem., 42(21), 4300-4312, 1999; 
trypanothione reductase, see Li, Z. et al, Bioorg. Med Chenu Lett,, 11(2), 251-254, 
2001; parasitic gIyceraldehydes-3-phosphate dehydrogenase, see Aranov, A. M. et 

10 al, J, Med Chem., 41(24). 4790-4799, 1998). A particularly promising area of 
research has identified the role of cysteine proteases, encoded by the parasite, that 
play a pivotal role during the life cycle of the parasite (McKerrow, J. H., et al, 
Bioorg. Med, Chem,, Z 639-644, 1999). Proteases form a substantial group of 
biological molecules which to date constitute approximately 2% of all the gene 

15 products identified following analysis of several genome sequencing programmes 
(e.g. see Southan, C. J. Pq?t Sci, 6, 453-458, 2000). Proteases have evolved to 
participate in an enormous range of biological processes, mediating their effect by 
cleavage of peptide amide bonds within the myriad of protems found in nature. This 
hydrolj^c action is performed by initially recognising, then binding to, particular 

20 three-dimensional electronic surfaces displayed by a protein, which aligns the bond 
for cleavage precisely within the protease catalytic site. Catalytic hydrolysis then 
commences through nucleophilic attack of the amide bond to be cleaved either via an 
amino add side-chain of the protease itself, or through the action of a water molecule 
that is bound to and activated by the protease. Proteases in which the attacking 

25 nucleophile is the thiol side-chain of a Cys residue are known as cysteine proteases. 
The general classification of 'cysteine protease' contains many members found 
across a wide range of organisms from viruses, bacteria, protozoa, plants and fimgi to 
mammals. 

30 Biological investigation of Trypanosoma cruzi infection has highhghted a number of 
specific enzymes that are crucial for the progression of the parasite's life cycle. One 
such enzyme, cruzipain, a cathepsin L-like cysteine protease, is a clear therapeutic 
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target for the treatment of Chagas' disease ((a) Cazzulo, J. J. et al, Curr. Pharm. Des. 
7, 1143-1156, 2001; (b) Caffrey, C. R. et al, Curr. Drug Targets, V, 155-162, 2000). 
Although the precise biological role of cnizipaiii within the parasite*s Ufe cycle 
remains miclear, elevated cruzipain messenger RNA levels in the epimastigote 
5 developmental stage indicate a role in the nutritional degradation of host-molecules 
in lysosomal-like vesicles (Engel, J. C. et al, 1 Cell Sci, ill, 597-606, 1998). The 
validation of cruzipain as a viable therapeutic target has been achieved with 
increasing levels of complexity . Addition of a general cysteine protease inhibitor, Z- 
Phe-Ala-FMK to Trypanosoma crMz/-infected mammalian cell cultures blocked 

10 replication and differentiation of the parasite, thus arresting the parasite life cycle 
(Harth, G., et al, Mol Biochem. Parasitol 58, 17-24, 1993). Administration of a 
vinyl sulphone-based inhibitor in a Trypanosoma cruzi-ix&cXoA murine animal 
model not only rescued the mice from lethal infections, but also produced a complete 
recovery (Engel, J. C. et ah J. Exp. Med, 188(4), 725-734, 1998). Numerous other in 

15 vivo studies have confirmed that infections with alternative parasites such as 
Leishmania major (Selzer, P. M. et al, Proc. Natl Acad. Set U.SA., 96, 11015- 
11022, 1999), Schistosoma mansoni and Plasmodium falciparium (Olson, J. E. et al, 
Bioorg. Med. Chem., 7, 633-638, 1999) can be halted or cured by treatment with 
cysteine protease inhibitors. 

20 

A variety of synthetic approaches have been described towards the design of 
cruzipain inhibitors. However, although providing a biological *proof-of-principle' 
for the treatment of Trypanosoma cruzi infection, current inhibitors exhibit a number 
of biochemical and physical properties that may preclude flieir clinical development. 

25 (e.g. see (a) Brinen, L. S. et al. Structure, 8, 831-840, 2000, peptidomimetic vinyl 
sulphones, possible adverse mammalian cell toxicity (see McKerrow, J. H. and 
Engel, J. unpublished results cited in Scheidt, K. A. et al, Bioorg. Med. Chem, 6, 
2477-2494, 1998); (b) Du, X. et al, Chem. Biol, 7, 733-742, 2000, aryl ureas, 
generally with low \xM activity, and high Clog? values, thus poor aqueous solubility 

30 and probably low oral bioavailabihty; (c) Roush, W, R. et al. Tetrahedron, 56, 9747- 
9762, 2000, peptidyl epoxysuccinates, irreversible inhibitors, with potent activity 
verses house-keeping mammalian proteases such as cathepsin B; (d) Li, R. et al. 
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Bioorg, Med Chenu A{9\ 1421-1427, 1996, bisaiylacylhydiazides and chalcones, 
polyhydroxylated aromatics; (e) US6143931, WO 9846559, non-peptide a- 
ketoamides). Of flie many different approaches to en2yme inhibition to date, only the 
cruzipain protease inhibitors have proven effective in curing disease-related animal 
5 models of Trypanosoma cruzi infection. Therefore, a clear medical need exists to 
progress these *proof-of-principle' findings towards clinical candidates, suitable for 
human use, through the discovery of more efficacious cruzipain inhibitors that have a 
desirable combination of potency, selectivity, low toxicity and optimised 
pharmacokinetic parameters. 

10 

Cruzipain and indeed many other crucial parasitic proteases belong to the papain-like 
CA CI family and have close structural mammalian homologues. Cysteine proteases 
are classified into 'clans' based upon a similarity in the three-dimensional structure 
or a conserved arrangement of catalj^c residues within the protease primary 

15 sequence. Additionally, 'clans' are fiirther classified into 'families' in which each 
protease shares a statistically significant relationship with other members when 
comparing the portions of amino acid sequence which constitute the parts responsible 
for the protease activity (see Barrett, AJ et al, in 'Handbook of Proteolytic 
Enzymes', Eds. Barrett, A. J., Rawlings, N. D., and Woessner, J. F. PubL Academic 

20 Press, 1998, for a thorough discussion). To date, cysteine proteases have been 
classified into five clans, CA, CB, CC, CD and CE (Barrett, A. J. et al, 1998). A 
protease fix)m Ihe tropical papaya fiuit 'papain' forms the foundation of clan CA, 
whidi currently contains over 80 distinct and complete entries in various sequence 
databases, with many more expected fi-om the current genome sequencing efforts. 

25 Proteases of clan CA/family CI have been implicated in a multitude of disease 
processes e.g. himian proteases such as cathepsin K (osteoporosis), cathepsin S 
(autoimmune disorders), cathepsin L (metastases) or parasitic proteases such as 
falcipain (malaria parasite Plasmodium falciparum)^ cruzipain {Trypanosoma cruzi 
infection). Recently a bacterial protease, staphylopain (S. aureus infection) has also 

30 been tentatively assigned to clan CA. X-ray crystallographic structures are available 
for a range of the above mentioned proteases in complex with a range of inhibitors 
e.g. papain (PDB entries, Ipad, lpe6, Ipip, Ipop, 4pad, 5pad, 6pad, Ippp, Ithe, Icsb, 
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Ihuc), cafhepsin K (lauO, lau2, lau3, lau4, lafk, Imem, Ibgo, layw, layu), 
cathepsin L (lcs8), cafbepsin S (cuiroitly on-hold, but published McGrath, M. E. et 
a/, Protein Science^ 7, 1294-1302, 1998), cruzain (a recombinant fonn of cruzipain 
see Ealdn, A. E. et al, 268(9), 6115-6118, 1993) (lewp, laim, 2aim, 1F29, 1F2A, 
5 1F2B, 1F2C), staphylopain (lcv8). Each of the stractures displays a similar overall 
active-site topology, as would be expected by their 'clan' and 'family' classification 
and such structural similarity exemplifies one aspect of the difficulties involved in 
discovering a selective inhibitor of cruzipaia suitable for human use. However, subtle 
differences in terms of the depth and intricate shape of the active site groove of each 

10 CA CI protease are evident, which may be exploited for selective inhibitor design. 
Additionally, many of the current substrate-based inhibitor complexes of CA CI 
family proteases show a series of conserved hydrogen bonds between the inhibitor 
and the protease backbone, which contribute significantly to inhibitor potency. 
Primarily a bidentate hydrogen-bond is observed between the protease Gly66 (C=0)/ 

15 inhibitor N-H and the protease Gly66(NH)/inhibitor (C=0), where the inhibitor 
(C=0) and (NH) are provided by an amino acid residue NHCHRCO that constitutes 
the S2 sub-site binding elemait within tiie inhibitor (see Berger, A. and Schecter, 1. 
Philos. Trans, IL Sac. Lon<L [Biol], 2SI, 249-264, 1970 for a description of protease 
binding site nomenclature). A further hydrogen-bond betweea the protease main- 

20 chain (C=0) of asparagine or aspartic acid (158 to 163, residue number varies 
between proteases) and an inhibitor (N-H) is often observed, where the inhibitor (N- 
H) is provided by the SI sub-site binding element within the inhibitor. Thus, the 
motif X-NHCH RCO-NH- Y is widely observed amongst the prior art substrate-based 
inhibitors of CA CI proteases. 

25 

In the prior art, the development of cysteine protease inhibitors for human use has 
recently been an area of intense activity. Considering the CA 01 family members, 
particular emphasis has been placed upon the development of inhibitors of human 
cathepsins, primarily cathepsin K (osteoporosis), cathepsin S (autoimmune disorders) 
30 and cathepsin L (metastases), through the use of peptide and peptidomimetic nitriles 
{e,g, see WO-A-0109910, WO-A-0051998, WO-A-01 19816, WO-A-9924460, WO- 
A-0049008, WO-A-0048992, WO-A-0049007, WO-A-0130772, WO-A-0055125, 
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WO-A.0055126, WO-A-01 19808, WO-A-0149288, WO-A-0147886), linear and 
cyclic peptide and peptidomimetic ketones (e.g, see Veber, D. F. and Thompson, S. 
K., Curr. Opin, Drug Discovery Dev,, 3(4), 362-369, 2000, WO-A-0170232, WO-A- 
0178734, WO-A-0009653, WO-A-0069855, WO-A-0029408, WO-A-0134153 to 
5 WO-A-0134160, WO-A-0029408, WO-A-9964399, WO-A-9805336, WO-A- 
9850533), ketoheterocycles {e,g, see WO-A-0055144, WO-A-0055124) and 
monobactams (e.g. see WO-A-0059881, WO-A-9948911, WO.A-0109169). The 
prior art describes potent in vitro inhibitors, but also highlights the many difficulties 
in developing a human therapeutic. For example, WO-A-9850533 and WO-A- 

10 0029408 describe compounds that may be referred to as cyclic ketones and are 
inhibitors of cysteine proteases with a particular reference towards papain family 
proteases and as a most preferred embodiment, cathepsin K. WO-A-9850533 
describes compounds subsequently detailed in the literature as potent inhibitors of 
cathepsin K with good oral bioavailability (Witherington, J., 'Tetrahydrofurans as 

15 Selective Cathepsin K Inhibitors', RSC meeting, Burlmgton House, London, 1999). 
The compounds of WO-A-9850533 were reported to bind to cathepsin K through the 
formation of a reversible covalent bond between the tetrahydrofiiran carbonyl and the 
active site catalytic cysteine residue (Witherington, J., 1999). Additionally, the same 
cyclic ketone compounds are desaibed in WO-A-9953039 as part of a wide-ranging 

20 description of inhibitors of cysteine proteases associated with parasitic diseases, with 
particular reference to the treatment of malaria by inhibition of faldpain. However, 
subsequent literature describes the cyclic ketone compounds of WO-A-9850533 to 
be unsuitable for further development or for full pharmacokinetic evaluation due to a 
physiochemical property of the inhibitors, the poor chiral stability of the a- 

25 aminoketone chiral centre (Marquis, R. W. et al, J. Med Chem., 44(5), 725-736, 
2001). WO-A-0069855 describes compoimds that may also be referred to as cychc 
ketones with particular reference towards inhibition of cathepsin S. The compounds 
of WO-A-0069855 are considered to be an advance on compounds of WO-A- 
9850533 due to the presence of the p-substituent on the cyclic ketone ring system 

30 that provides chiral stability to the a-carbon of the cyclic ketone ring systrai. 
However, the compounds of WO-A-0069855 and indeed those of WO-A-9850533 
describe an absolute requirement for the presence of an amino acid substituent 



wo 02/057248 



PCT/GB02/00188 



-7- 



R^R^NHCHR^CO- fliat provides the N-tenninal portion of the inhibitor molecules, 
i.e. contain the potential hydrogen-bonding motif X-NHCHRCO-NH-Y that is 
widely observed amongst the prior art substrate-based inhibitors of CA CI proteases. 
Although the number of amino acids described both in the Uterature and 
5 commercially available constitute many hundreds of possibilities, in many instances 
an amino acid backbone may not provide the appropriate balance of properties 
required for further inhibitor development 

It has now been discovered that certain compounds, defined by general formula (I), 
10 are potent and selective cruzipain protease inhibitors which are useful in the 
treatment of Trypanosoma cruzi infection. Other compounds defined by general 
formula (I) are protease inhibitors across a broad range of CA CI cysteine proteases 
and compounds usefiil in the treatment of diseases caused by cysteine proteases. 
Compounds described by general formula (I) do not contain the X-NHCH RCO-NH- 
15 Y motif that is widely observed amongst the prior art substrate-based inhibitors of 
CA CI proteases, yet surprisingly compounds defined by general formula (I) retain 
good potency. The preset invention provides substituted (2-alkyl-4-oxo- 
tetrahydiofuran-3-yl)amide, (2-alkyl-4-oxo-tetrahydrothiophen-3-yl) amide and (2- 
alkyl-5-oxocyclopentyl)aiiude compounds defined by general formula (I). 



Accordingly, the first aspect of the invention provides a compound according to 
general formula (I): 



25 wherein: R^ = Co-v-alkyl (when C = 0, R^ is simply hydrogen), Cs-s-cycloalkyl or 



20 



H 



O 




(I) 



Ar-Co-7-alkyl (when C == 0, R is simply an aromatic moiety Ar); 



R^ = Ci-7-alkyl, Ca^-cycloalkyl or Ar-Co-y-alkyl; 
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15 



20 



25 



Y= CHR^"CO or CR^R^-CO where and R"* are independeatlychoseQ 
fix)m Co-7-alkyl, Cs^-cycloalkyl and Ar-Co-y-alkyl, or Y represents 



where L is a number from one to four and R^ and R^ are independently 
chosen from CR^R^ where R^ and R^ are independently chosen from C0-7- 
alkyl, Cs^-cycloalkyl, Ar-Co-v-alkyl or halogen; and for each R^ and R^ 
either R^ or R^ (but not both R'^ and R^) may additionally be chosen from 
0-Co.7-alkyl, O-Ca-e-cycloalkyl, O-Ar-Co-v-alkyl, S-Co.7-alkyl, S-C3-6- 
cycloalkyl, S-Ar.Co-7-alkyl, NH-Co.7-alkyU NH-Cs^-cycloalkyl, NH-Ar- 
Co.7-alkyl, N-(Co.7-alkyl)2, N.(C3^-cycloalkyl)2, and N.(Ar-Co.7-allcyl)2; 

(X)o = CR^R^^ where R^ and R^*^ are indq)endently chosen from C0.7- 
alkyl, C3-6-cycloalkyl and Ar-Co-7-allcyl and 0 is a number from zero to 
three; 

(W)n = O, S, C(0), S(0) or S(0)2 or, when o is one or greater, NR^^ 
where R" is chosen from Co-7-alkyl, Cs^-cycloalkyl and Ar-Co-7-alkyl 
and n is zero or one; 

(V)m = C(0), C(S), S(0), S(0)2, S(0)2NH, OC(OX NHC(O), NHS(O), 
NHS(0)2, OC(0)NH, C(0)NH or CR^^R^^ where R^^ and R^^ are 
independently chosen from Co-7-alkyl, Ca^-cycloalkyl, Ar-Co.7-alkyl and 
m is a number from zero to three, provided that when m is greater than 
one, (V)ni contains a maximum of one carbonyl or sulphonyl group; 

Z = O (in which case compounds of general formula (I) may be named 
as (2-alkyM-oxo-tetrahydrofuran-3-yl)aniides), ^ 
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S (in which case compoimds of general fonnula (I) may be named 
as (2-all£yl-4-oxo-tetrahydrothiopheQ-3-yl)amides), or 
CH2 (in which case compounds of general formula (I) may be 
named as (2-alkyl-5-oxocyclopentyl)amides); 

5 

U = a stable 5- to 7-m«nbered monocyclic or a stable 8- to 1 l-membered 
bicyclic ring which is either saturated or unsaturated and which includes 
zero to four heteroatoms (as detailed below): 



10 




15 



wherein R is chosen from: 

Co.7-aIkyl, C3-6-cycloalkyl, Ar-Co-y-alkyl, halogen, 0-Co.7-alkyl, O- 
Cs^-cycloalkyl, O-Ar-Co-7-aIkyl, S-Co-7-alkyl, S-Cs-e-cycloalkyl, S- 
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Ar-Co.7-allcyl, NH-Co-7-alkyl, NH-Cs^-cycloalkyl, NH-Ar-Co-7- 
alkyl, N-(Co.7-alkyl)2, N-(C3^-cycloalkyl)2 and N"(Ar.C0-7-alkyl)2; 

A is chosen from: 

5 CH2, CHR^^ O, S and NR'^ where R^^ is as dejSned above and 

where R*^ is chosen from Co-7-alkyl, Cs^-cycloalkyl and Ar-Co-r 
alkyl; 

B, D and G are mdependently chosen from: 
10 CR^"*, where R^"* is as defined above, or N; 

E is chosen from: 

CH2 CHR^^ O, S and NR^^ where R'"* and R^^ are defined as 

above ; 

15 

J, L, M, R, T, T2, T3 and T4 are independently chosen from: 
CR^^ and N, where R^^ is as defined above; 

T5 is chosen from: 

20 CHor, only whenm + n + o^ 1, T5 may additionally be N; 

q is a number from one to three, thereby defining a 5-, 6r or 7-membered 
ring. 

25 B, D, G, J, L, M, R, T, T2, T3 and T4 may additionally represent an N-oxide (N->0). 

The present invention includes all salts, hydrates, solvates, complexes and prodrugs 
of the compounds of this invention. The term "compound" is intended to include all 
such salts, hydrates, solvates, complexes and prodrugs, unless the context requires 
30 otherwise. 
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Appropriate phannaceutically and veterinarily acceptable salts of the compounds of 
general formula (I) include salts of organic acids, especially carboxylic acids, 
including but not limited to acetate, trifluoroacetate, lactate, gluconate, citrate, 
tartrate, maleate, malate, pantothenate, adipate, alginate, aspartate, bmzoate, 
5 butyrate, digluconate, cyclopentanate, glucoheptanate, glycerophosphate, oxalate, 
heptanoate, hexanoate, fumarate, nicotinate, palmoate, pectinate, 3-phenylpropionate, 
picrate, pivalate, proprionate, tartrate, lactobionate, pivolate, camphorate, 
undecanoate and succinate, organic sulphonic acids such as methanesulphonate, 
ethanesulphonate, 2-hydroxyethane sulphonate, camphorsulphonate, 2- 
10 naphthalenesulphonatey benzenesulphonate, p-chlorobenzenesulphonate and p- 
toluenesulphonate; and inorganic adds such as hydrochloride, hydrobromide, 
hydroiodide, sulphate, bisulphate, hemisulphate, thiocyanate, persulphate, 
phosphoric and sulphonic acids. Salts which are not pharmaceutically or veterinarily 
acceptable may still be valuable as intermediates. 

15 

Prodrugs are any covalently bonded compounds which release the active parent drug 
according to general formula (I) in vivo. A prodrug may for example constitute an 
acetal or hemiacetal derivative of the exocyclic ketone functionality present in the (2- 
alkyl-4-oxo-tetrahydrofiiran-3-yl)amide, (2-allqrl-4-oxo-tetrahydrothiophen-3-yl) 

20 amide and (2-alkyl-5-oxocyclopentyl)amide scaffold. If a chiral centre or another 
form of isommc centre is present in a compound of the present invention, all forms 
of such isomer or isomers, including enantiomers and diastereoisomers, are intended 
to be covered herein. Compounds of the invention containing a chiral centre may be 
used as a racemic mixture, an enantiomoically enriched mixture, or the racemic 

25 mixture may be separated using well-known techniques and an individual enantiomer 
may be used alone. 

'Halogen' as applied herein is meant to include F, CI, Br, I; 
30 'Heteroatom' as applied herein is meant to include O, S and N; 
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'Co.7-alkyl' as applied herein is meant to include stable straight and branched chain 
aliphatic carbon chains containing zero {Le. simply hydrogen) to seven carbon atoms 
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, pentyl, 
isopentyl, hexyl, heptyl and any simple isomers thereof. Additionally, any Co.7-alkyl 
5 may optionally be substituted at any point by one, two or three halogen atoms (as 
defined above) for example to give a trifluoromethyl substituent. Furthermore, C0-7- 
alkyl may contain one or more heteroatoms (as defined above) for example to give 
ethers, thioethers, sulphones, sulphonamides, substituted amines, amidines, 
guanidines, carboxylic acids, carboxamides. If the heteroatom is located at a chain 
10 terminus then it is appropriately substituted with one or two hydrogen atotns. A 
heteroatom or halogen is only present when Co-7-alkyl contains a minimum of one 
carbon atom. 

Ci.7-alkyl as applied herein is meant to include the definitions for Co-ralkyl (as 
1 5 defined above) but describes a substituent that comprises a minimum of one carbon. 

*C3-6-cycloalkyr as applied herein is meant to include any variation of *Co-7-alkyr 
which additionally contains a carbocyclic ring such as cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl. The carbocyclic ring may optionally be substituted with one 
20 or more halogens (as defined above) or heteroatoms (as defined above) for example 
to give a tetrahydrofuran, pyrrolidine, piperidine, piperazine or morpholine 
substituent 

'Ar-Co.7-alkyr as applied herein is meant to include any variation of Co.7-alkyl which 
25 additionally contains an aromatic ring moiety 'Ar\ The aromatic ring moiety Ar can 
be a stable 5 or 6-membered monocyclic or a stable 9 or 10 membered bicyclic ring 
which is unsaturated, as defined previously for U in general formula (I). The 
aromatic ring moiety Ar may be substituted by R^"* (as defined above for U in general 
formula (I)). When C = 0 in the substituent Ar-Co-7-alkyl, the substituent is simply 
30 the aromatic ring moiety Ar. 
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Other e;q)ressions containing terms such as alkyl and cycloalkyl are intended to be 
construed according to the definitions above. For example "Cm alkyl" is the same as 
Cojj-ajkyl except that it contains firom one to four carbon atoms. 

5 If different structural isomers are present, and/or one or more chiral centres are 
present, all isomeric forms are intended to be covered. Enantiomers are characterised 
by the absolute configuration of their chiral centres and described by the R- and S- 
sequencing rules of Cahn, Ingold and Prelog. Such conventions are well known in 
the art (e.g. see 'Advanced Organic Chemistry', 3"^ edition, ed. March, J., John 
10 Wiley and Sons, New York, 1985). 

Preferred compounds of general formula (I) include those in which comprises Co- 
7-aIkyl or Ar-Co.7-alkyL Thus, for example, preferred moieties include hydrogen, 
or a straight or branched alkyl chain, or a straigjit or branched heteroalkyl chain, or 
15 an optionally substituted arylalkyl chain, or an optionally substituted arylhet^oalkyl 
chain. 

It is particularly preferred fliat is hydrogen or Cm alkyl or Ar-CM-alkyl and 
examples of such R^ substituents include, but are not limited to: 

20 




It is preferred that R^ is Ci.7-alkyl or Ar-Co-v-aUsyl for example, straight or branched 
alkyl chains or heteroalkyl chains or optionally substituted aralkyl chains or an 
25 alkylcarboxylic ester chain or an N-(allsylcarbonyl)sulphonamide chain or an alkyl 
carboxamide chaiiL 

Particularly preferred compounds include those in which R^ is CM-alkyl or Ar-Ci-4- 
alkyl and examples of such R^ substituents include, but are not limited to: 
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OH NHSOgMe . . CONH^ 

wh^ein R^^ and R^^ are as defined previously. 
5 Additionally, prefered compounds of general formula (I) comprise those in which Z 

Combining the preferred examples of the substituents R* and R^ with an exemplary 
(2"aIkyl-4-oxo-tetrahydrofuran-3-yl)amide scaffold yields the following compounds, 
1 0 which are among those preferred: 




ns1to3 



In preferred compounds of general foimula (I), Y is CHR'^CO where R^* is selected 
fi-om Co.7-alkyl or Ar-Co-?'^!^^' example hydrogen, a straight or branched alkyl 
chain, a straight or branched heteroalkyl chain, an optionally substituted arylalkyl 
chain or an optionally substituted arylheteroalkyl chain. Additionally in preferred 
compounds of general fortniila (T), R"* is selected fix)m Cs^-cycloalkyl, for example 
cyclohexyhuethyl or cyclopentyhnethyl. 
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Other prefesrred compounds of general formula (I) are those in which Y comprises a 
group: 




5 where and are each CR^R^ and each R^ and R^ is, independently, selected from 
Co-7-alkyl or Ar-Co-7-alkyl, for example hydrogen, a straight or branched alkyl chain, 
a straight or branched heteroalkyl chain, an optionally substituted arylalkyl chain or 
an optionally substituted arylheteroalkyl chain. 

10 More preferred R^ and R^ groups include Co^ alkyl, for example hydrogen, methyl 
and ethyl. 



Examples of preferred Y substituents include the following: 
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whorein R^"^ and R^^ and Ar are as defined previously, 

5 More preferred compounds of general formula (I), comprise an R"* group chosen 
from CM-alkyl, which may be substituted with OH, NR^^R^^ COOR^^ or CONR^^ 
or Ar-CM-alkyl, where the aryl group may be substituted with R^"*; wherein each R^^ 
and R^^ is independently as defined above. 

10 Even more preferred R"^ groups comprise Ar-CH2-. where the aromatic ring is an 
optionally substituted phenyl or monocyclic heterocycle. Additionally, even more 
preferred R"^ groups comprise simple branched alkyl groups such as isobutyl or 
straight heteroalkyl chains such as benzylsulfanyhnethyl or benzylsulphonyhnethyl. 
Furthermore, even more preferred R"* groups comprise cyclohexyhnethyl. Examples 

15 of even more preferred Y substituents comprise the following, 
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wherein R aad Ar are as defined previously 

5 It is preferred that in the group (X)o, each of and R^° is selected &om Co.7-alkyl or 
Ar-Co-7-alkyl, for example hydrogen, a straight or branched alkyl chain, a straight or 
branched heteroalkyl chain, an optionally substituted arylalkyi chain or an optionally 
substituted arylheteroalkyl chain. 

10 More preferred (X)o groups comprise R^ chosen from hydrogen; R^^ is Cm-alkyl, 
which may be substituted with OH, NR^^R^^ COOR^^ or CONR^^ or Ar-CM-alkyl, 
where the aryl group may be substituted with R^"^, wherein each R^"^ and R^^ is 
independently as defined above. 

15 Examples of preferred (X)o groups include the following: 
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wherein R^^ and R^^ are as defined previously. 

Even more preferred compounds of general formula (I), comprise (X)© groups fliat 
are simple alkyl groups such as methylene and where o = 0 or 1 . 

5 

In the group (W)n: 

W is preferably O, S, SO2, S(0), C(0) or when 0 is one or greater, NR^\ 
where R^^ is Co-4-al]<yl; and n is 0 or 1. 

10 More preferred compounds of general formula (I), comprise (W)n groups defined as 
O, S, SO2, C(0) and where n = 0 or 1 . 

In the group (V)xn: 

V is preferably C(0), C(0)NH or CHR}\ where R" is QM-alkyl; and 
15 misOorl. 

Preferred V and W substituent combmations encompassed by general formula (I) 
include, but are not limited to: 



win 'W = 0 ^' = 0 



20 



•m'= 1 



V=CH(CH,CH3) V=C(0) •^• = NRii 

V= C(0) 
•m'= 1 



wo 02/057248 



-19- 



PCT/GB02/00188 



More preferred V, W and X substituent combinations encompassed by general 
formula (I) comprise, but are not limited to 



u 



Wo ='-' 
(wx,=«' 



(X)o='-* 



(X)o--' 

(W)„='S02' 
(V)„, = 'CHj' 



(n.='-' 



S In preferred compounds of general formula (I), U comprises an optionally substitated 
S- or 6-membered saturated or unsaturated heterocycle or Ar group or an optionally 
substituted saturated or unsaturated 9- or 10-membered heterocycle or Ar group. 
Examples of such preferred U rings include tiie following: 




-OCT 

10 and also the following 




^'0> ""0=5- ""iO- ""<ii- 






a 


3^" 


0 











R14 




R14 



wherein R^^ is as defined previously. 
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More preferred compounds of general formula (I), contain a U group comprising of a 
bulky alkyl or aiyl group at flie para position of an aiyl Ar. Also, more preferred 
compounds contain a meta or para-biaiyl Ar-Ar, where Ar is as previously defined. 
Additionally, more preferred compounds contain a 6,6 or 6,5 or 5,6-fused aromatic 
5 ring. Examples of more preferred U groups are 




wherein D, E, G, J, L, M, R, T, Tz, T3 and T4 are as defined previously. 

10 Even more preferred compounds of general formula (I), particularly for inhibition of 
cruzipaio, contain a U group comprising a 6-membered Ar ring containing a bulky 
alkyl or aryl group at the para position, where Ar is as previously defined 
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wherein R^^D,E,G, J, L,M, Rand Tare as defined previously 

Yet even more preferred compounds of general formula (I), contain a U group 
5 comprising but are not limited to the following. 




wherein R^^, D, E, G, J and L are as defined previously. 

10 Abbreviations and symbols commonly used in the peptide and chemical arts are used 
herein to describe compounds of the present invention, following the general 
guidelines presented by the lUPAC-IUB Joint Commission on Biochemical 
Nomenclature as described in Eur. Biochem., 158, 9-, 1984. Compounds of 
formula (I) and the intermediates and starting materials used in their preparation are 

15 named in accordance with the lUPAC rules of nomenclature in which the 
characteristic groups have decreasing priority for citation as the principle group. An 
example compound of formula (I), compoimd (1) in which is H, R^ is methyl, Z is 
oxygen, Y is 4-methylpentyl, (X)o is zero, (W)n is oxygen, (V)ni is methylene and U 
is phenyl is thus named:- 



20 
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(1) 

2iS-Baizyloxy-4-mefliyl-peatanoic add (2/?-mefhyl-4-oxo-tetrahydrofiiran-3jS'-yl)- 

amide 

A second example compoimd of formula (I), compound (2) in which is H, is 
methyl, Z is sulphur, Y is 4-methylpentyl, (X)o is zero, (W)n is oxygen, (V)xn is 
methylene and U is phenyl is thus named:- 




(2) 

2iS'-Ben2yloxy-4-methyl-pentanoic acid (2/?-mefhyl-4-oxo-tetrahydrofhiophen-3i?- 
yl)amide 

A third example compound of formula (I), compound (3) in which R^ is H, R^ is 
methyl, Z is methylene, Y is 4-methylpentyl, PQo is zero, (W)n is oxygen, (V)m is 
methylene and U is phenyl is thus named:- 




(3) 

25'-Ben2yIoxy-4-methylpentanoic add (25'-methyl-5-oxo-cr/clopent-35-yl)amide 

Compounds of the invention include, but are not limited to, the following examples 
where all 4 stereoisomeric combinations of the cyclic ketone are included, i.e. (2S, 
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35), {2R, 3S), (2S, {2R, 3R) and where Z = 'O' and = 'H', and also include 
the equivalent analogues included in the full definition of Z and and 

4-Melhyl-2-(4-trifluoromeftiylbenzyloxy)-pentanoic acid (2-methyl-4-oxo-tetrahydro 
5 fiiran-3-yl)-amide 

iV'-(2-Methyl-4-oxo-tetrahydro-fiiran-3-yl)-3-phenyl-2-(4-tri 
propionamide 

10 3-(4-Hydroxyphenyl)-iV'-(2-methyl-4-oxo-tetrahydro-fura^ 
trifluoromethyl-benzyloxy)-propionamide 

2-Benzyloxy-4-methyl-p^tanoic add (2-methyl-4-oxo-tetrahydro-furan-3-yl)-aniide 
15 2-Ben2yloxy-iV'-(2-methyl-4-oxo-tetrahydro-fiu:an-3-yl)-3-phenyl-p^^^ 

2- BejQzyloxy-3-(4-hydroxyphenyl)-A^-(2-methyl-4-oxo-tetrahydro-fl^ 
propionamide 

20 4-Methyl-2-(4-thiophen-2-yl-ben2yloxy)-pentanoic acid (2-methyl-4-oxo-tetrahydro- 
furan-3-yl)-aniide 

i\r-(2-Methyl-4-oxo-tetrahydro-ftu:an-3-yl)-3-phenyl-2-(4-fhi 
propionamide 

25 

3- (4-Hydroxyphenyl)-Ar-(2-methyl-4-oxo-tetrahydro-fi^ 
benzyloxy)-propionaimde 

2-(4-te;t-Butyl-benzyloxy)-4-methyl-pentanoic acid (2-methyl-4-oxo-tetrahydro- 
30 furan-3-yl)-amide 

2-(4-/er^-Butyl-benzyloxy)-iV'-(2-methyl-4-oxo-tetrahydro-fu^ 
propionamide 
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2-(4-rer^-Butyl-benzyloxy)-3-(4-hydroxypheayI)-iV'^^ 
furaii-3-yl)-propionamide 

2-(Biphenyl-4-ylmethoxy)-4-methyl-pentanoic add (2-methyl-4-oxo-tetrahydro- 
furan-3-yl)-aiQide 

2-(Biphenyl-4-ylmethoxy)-JV'-(2-methyl-4-oxo-tetrahydro-furan-^ 
propionamide 

2-(Biphenyl-4-ylmethoxy)-3-(4-hydroxyphenyl)-i\r-(2-me1^^^ 
furan-3-yl)-propionainide 

2-(4-/er^Buty^ben2ylslllfenyl)-4-methyl-■pentanoic acid (2-methyl-4-oxo-tetrahydro- 
furan-3-yl)-amide 

2-(4-^er^Butyl-ben2ylsrdfanyl)-3-(4-hydroxyph 
fiiran-3-yl)-propionamide 

2-(BiphenyM-ylmethylsulfanyl)-4-methyl-pentanoic add (2-methyl-4-oxo- 
tetrahydro-fbran-3-yl)-amide 

2- (Bipheayl-4-ylmetfaylsulfanyl)-3-(4-hydroxyphenyl)-i\r-(2^ 
tetrahydro-furan-3--yl)-propionamide 

4-Methyl-2-(4-tMophen-2-yl-beri2ylsulfanyl)-pentanoic add (2-nie1iiyl-4-oxo- 
tetrahydrO'-furaii-3--yl)-amide 

3- (4-Hydroxyphenyl)-iV^(2-metbyl-4-oxo-tetrahydro-furan-3-^^^ 
benzylsulfanyl)-propionainide 



wo 02/057248 



PCT/GB02/00188 



-25- 



2-(4-rerf-Butyl-phenylmetlianesulfonyl)-4-mefe add (2-inefhyl-4-oxo- 

tetrahydro-furaii-3-yl)-aniide 

2-(4-tot-Butyl-phenylme1hanesulfonyl)-3-(4-hy&^ 
5 tetrahydro-furan-3-yl)-propionamide 

2- (Biphenyl-4-ylmethanesiilfonyl)-4-methyl-pentanoic acid (2-inethyl-4-oxo- 
tetrahydro-furan-3-yl)-amide 

1 0 2-(Biphenyl-4-ylmethanesulfonyl)-3-(4-hydroxyphenyl)-JV^(2-me^^ 
tetraliydro-furaa-3-yl)-propionainide 

4- Metliyl-2-(4-thiophen-2-yl-pheaylmetianesiilfonyl>^ acid (2-methyl-4- 
oxo4etrahydro-furan-3-yl)-aimde 

15 

3"(4-Hydroxyphenyl)-JNK2-metiiyl-4-oxo-te1r^ 
pheaylinethaQesulfonyl)-propioiiamide 

3- Phaiyl-pytrole-l-caiboxylic add 2-(4-hydroxyphenyl)-l-(2-methyl-4"OXO- 
20 tetrahydro-fiiran-3-ylcarbamoyl)-efliyl ester 

5- Phenyl-pyrrole-l-carboxylic acid 3-metliyl-l-(2-methyl-4-oxo-tetrahydro-furan 
ylcarbamoyl)-butyl ester 

25 1 ,3-Dihydro-isoindole-2-carboxylic acid 2-(4-hydroxyphenyl)-l-(2-methyl-4-oxo- 
tetrahydro-furaii-3-ylcarbatnoyl)-ethyl ester 

1 .3- Dihydro-isoindole-2-carboxylic acid 3-methyl-l -(2-methyl-4-oxo-tetrahydro- 
furan-3-ylcarbamoyl)-butyl ester 

30 

3.4- Dihydro-ljH^isoquinoline-2-carboxylic acid 2-(4-hydroxyphenyl)-l-(2-methyl-4- 
oxo-tetrahydro-furan-3-ylcarbamoyl)-ethyl ester 
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3,4-Dihydro-lF4soqiimolme-2-carboxylic acid 3-methyl-l-(2-metliyl-4-oxo- 
tetrahydro-furan-3-ylcarbamoyl>-butyl ester 

5 2-(4-Hydroxyben2yl)-iV-(2-me%l-4-oxo-tetrahy(kc)-fi^ 
pyrroU -yl)-butyraraide 

4-Methyl-2-[2-oxo-2-(3-phenyl-pyrrol-l-yl)-ethyl]-pentanoic add (2-methyl-4-oxo- 
tetraliydro-furaa-3-yl)-ainide 

10 

4-(l,3-Dihydro-isoindol-2-yl)-2-(4-hydroxybenzyl)-iV-(2-methy^ 
furan-3-yl)-4-oxo-butyraimde 

2- [2-(l,3-Dihydro-isoindol-2-yl)-2-oxo-ethyl]-4-methyl-pentanoic acid (2-methyl-4- 
15 oxo-tetrahydro-furan-3-yl)-amide 

4-(3,4-Dihydro-lff4soqi3inolin-2-yl)-2-(4-hydroxybei^ 
tetrahydro-furan-3-yl)-4-oxo-butyiBim 

20 2-[2-(3,4-I>ihydro-l^-isoqmnolin-2-yl)-2-oxo-ethyl]-4-m^ add (2- 

methyl-4"OXO-te1xahydK>-furan-3-yl)-aimde 

Additional compounds of the invention include, but are not limited to, the following 
examples where all 4 stereoisomoric combinations of the cyclic ketone are included, 
25 i.e. (2S, 35), (2/f, 35), (25, 3RX (2/?, 3R) and where Z = 'O' and = 'H% and also 
include the equivalent analogues included in the full definition of Z and and R^ 

3- (4-Hydroxyphenyl)-A^-(2-methyl-4-oxo-tetrahydro-fiu-an-3-^^^ 
ylmethoxy)-propionamide 

30 

A'"-(2-MethyI-4-oxo-tetrahydro-furan-3-yl)-2-(naphthalen-l-^ 
propionamide 
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2- Beiizyloxy-3-cyclohexyl-iV'-(2-methyl-4-oxo-te^^ 

3- Cyclohexyl-2-(flu*an-3-ylmethoxy)-i\r-(2-met^^ 
propionamide 

3-Cyclohexyl-iV-(2-methyl-4-oxo-tetrahy(ko-fean-3-yl)-2-(M^ 
propionamide 

3-Cyclohexyl-2-(furan-2-ylmethoxy)-iV^(2-methyl-4-oxo-^^ 
propionamide 

3-Cyclohexyl-J\^-<2-methyl-4-oxo-tetrahydro-fiiran-^ 
propionamide 

2-(Benzo|>]thiophen-3-ylmetiioxy)-3-cyclohexyl-J^^ 
&ran-3-yl)-propionaiiiide 

2-(Fiiran-3-ylmethoxy)-4,4-dimethyl-pentanoic add (2-methyl-4-oxo-tetrahydro- 
furan-3-yI)-aniide 

4,4-Dimethyl-2-(tbiophen-3-ylmethoxy)rpentanoic add (2-methyl-4-oxo-tetrahydro- 
furan-3-yl)-amide 

2"(Furan-2-ylmethoxy)-4,4-dimetiiyl-pentanoic acid (2-methyl-4-oxo-tetrahydro- 
furan-3-yl)-amide 

4,4-DiDiethyl-2-(thiophen-2-ybnethoxy)-pentanoic add (2-methyl-4-oxo-tetrahydro- 
&ran-3 -yl)-amide 

2-(Benzo[b]thiophen-3-ylmethoxy)-4,4-dimethyl-pentanoic add (2-methyl-4-oxo- 
tetrahydro-furan-3-yl)-amide 
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3-Cyclohexyl-2-(furan-3-ylmethylsulfanyl)-N-(2-me&^^ 
yl)-propionamide 

5 3-Oyclohexyl-JV-(2-methyl-4-oxo-tetrahydro-fe 
ylinethylsulfanyl)-propionamide 



3-Cyclohexyl-2-(ftu'an-2-ylme%lsulfanyl)-N-(2-meth^^ 
yl)-propionainide 

10 

3-Cyclohexyl-iV'<2-methyl-4-oxo4etrahydro-furan-3 
yIinethylsulfenyl)-propionamide 

2-(Benzo(>]thiophen-3-ylmetliylsulfanyl)-3-^^ 
1 5 tetrahydro-furan-3-yl)-propionainide 

2"(FuranO-ylmetliylsulfanyl)-4,4-dimethyl^ acid (2-inefliyl-4-oxo- 

tetrahy<ko-£uran-3-yl)-amide 



20 4,4-Dime%l-2-(thiophm-3-ylmethyIsulfenyl)-pentanok acid (2-methyl-4-oxo- 
te1xahydro-jfiiran-3-yl)-ainide 

2-(Furan-2-ylmethylsulfanyl)-4,4-dimethyl-pentanoic acid (2-mefliyl-4-oxo- 
tetrahydro-furan-S-yO-amide 

25 

4,4-DimetIiyl-2-(thiophen-2-ylmethylsulfanyl)-pentanoic acid (2'inethyl-4-oxo- 
tetrahydro-furari-3-yl)-aimde 



2-(Ben2o|>]thiophen-3'ylme%lsdfanyl)-4,4-dimethyU acid (2-niethyl'4- 

30 oxo-tetrahydro-furan-3-yl)-aimde . 
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3-<4-Hydroxypheayl)-iV^(2-methyl-4-oxo4etra^ 
ylmethylsulfanyl)-propioiiamide 

3-Cyclohexyl-2-(furan-3-ylmetiianeswlfonyl^ 
yl)-propionamide 

3-Cyclohexyl-i\^(2-methyl-4K)xo-tetrahy(ko-furan-3-^^^ 
ylmethanesulfonyl)-propionamide 

3-Cyclohexyl-2-(furan-2-ylme%lsulfonyl)-i\r-(2-^^ 
yl)-propionamide 

3-Cyclohexyl-iV^(2-methyl-4-oxo-tetrahydro-furan-3-^^^^ 
ylmethylsulfonyl)-propionarQide 

2-(Ben2X)[b]thiophea-3-ylmethylsulfonyl)-3-cyclohexyl-i^^ 
tetrahydro-fi3ran-3-yl)-propionaimde 

2-(TFuran-3-yImethylsulfonyI)-4,4-dimefhy^^^ acid (2-mefhyl-4-oxo- 

tetrahydro-furan-3-yl)-ainide 

4,4-Dimefhyl-2<tbiophen-3-ylmefhylsidfonyl)-pOTt^ acid (2-methyl-4-oxo- 
tetrahydio-ftiran-3-yl)-aimde 

2-(Fiiran-2-ylme1hylsulfonyl)-4,4-dimetiiy^^^ acid (2-metliyl-4-oxo- 

tetrahydro-furan-3-yl>amide 

4,4-Dimethyl-2-(fWophen-2-ylmethylsulfonyl)-pentanoi acid (2-methyl-4-oxo- 
tetrahydro-furan-3-yl)--amide 



2-(BeiizoI>]tWophen-3-ylmethylsuifonyl)-4,4-dimet^^^ acid (2-methyl-4- 

oxo-tetrahydro-furan-3-yl)-anude 
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3-(4-Hydroxyphenyl)-iV^-(2-metbyl-4K)xo-tetra^ 
ylinetiiylsiilfonyl)-propionamide 

5 Morpholine-4-cafboxylic add 2-cyclohexyl-l-(2-methyl-4-oxo4etrahydro-fi3ran- 
ylcarbamoyl)-etliyl ester 

Moipholine-4-carboxylic acid 3,3"dimetfayl-l-(2-methyl-4-oxo-tetrahydro-furaii-3- 
ylcarbamoyl)-butyl ester 

10 

2-Cyclohexylmethyl-iV-(2-methyl-4-oxo-tetrahydro-furan-3-yl) 
oxo-butyramide 

4,4-Dimethyl-2-(2-moipholin-4-yl-2-oxa-ethyl)-pentanoic add (2-methyl-4-oxo- 
15 tetrahydro-ftiran-3-yI)-aimde 

2-Biphenyl-3-yl-4-inetiiyl-peiitanoic add (2-mefhyl-4K)xo-tetrahydio-fiiran-3-yl)- 
amide 

20 To those skilled in the practices of organic chemistry, compounds of general formula 
(I) may be readily synthesised by a number of chraiical strategies, performed either 
in solution or on the solid phase (see Afherton, E. and Sheppard, R. C. In ^SoHd 
Phase Peptide Synthesis: A Practical Approach^ Oxford University Press, Oxford, 
U,K. 1989, for a general review of solid phase synthesis principles). The solid phase 

25 strategy is attractive in being able to generate many thousands of analogues, typically 
on a 5-lOOmg scale, through established parallel synthesis methodologies (e.g. see 
(a) Bastos, M.; Maeji, N. J.; Abeles, R. H. Proc, Natl Acad, ScL USA, 92, 6738- 
6742, 1995). 



30 Therefore, one strategy for flie synthesis of compounds of general formula (I) 
comprises:- 
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(a) Preparation of an appropriately fimctionalised and protected (2-a]]cyl-4-oxo- 
tetrahydrofuran-3-yl)amide or a (2-alkyl-4-oxo-tetraliydrothiophen-3-yI)amide or 
a (2-alkyl-5-oxocyclopeatyl)ainide building block in solxition. 

(b) Attachment of the building block (a) to the solid phase through a linker that is 
5 stable to Hxe conditions of synthesis but readily labile to cleavage at the end of a 

synthesis (see James, L W., Tetrahedron, 55(Report 489), 4855-4946, 1999, 
for examples of the 'linker' function as applied to solid phase synthesis). 

(c) Solid phase organic chemistry (see Brown, R. D. /. Chem. Soc, PerJdn Trans. 1^ 
19, 3293-3320, 1998), to construct the remainder of the molecule. 

10 (d) Compound cleavage from the solid phase into solution, 
(e) Cleavage work-up and compound analysis. 

The first stage in a synthesis of compounds of general formula (I) is the preparation 
in solution of a functionalised and protected building block. A typical scheme 
1 5 towards the (2-alkyl-4-oxo-tetrahydrofuran-3-yl)amide (6) is detailed in Scheme 1 . 




Scheme 1. (a) iSuOCOa, NMM, DCM, -IS^'C, lOmins, under argon, (b) Diazometiiane in diethyl 
ether, -15**C to RT over Ihr. (c) Acetic acid (d) LiCl (lOeq) in 80%aq acetic acid, 5**C to RT over Ihr. 

20 FmOC(O) denotes the well known amine protecting group 9-fluorenyl 
methoxycarbonyl (Fmoc, see Atherton, E. and Sheppard, R. C, 1989) and Tg' 
denotes either a free hydroxy! or an hydroxyl protecting group such as terNbutyl 
ether. In the illustrated case, condensation with diazomethane provides = H. 

25 Considering step (a), synthesis may commence from suitably protected P-hydroxy-a- 
amino acids (4), which are accessible through a variety of literature methods e.g. (a) 
Adams, 2. M., Jackson, R. F. W., Pahner, N. J., Rami, H. K., Wythes, M. J., /. 
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Chem, Soa, PerUn Trans /, 937-947, 1999, (b) Hubschwerlen, C, et al, Med. 
Chenu, 41, 3972-3975, 1998, (c) Luzzio, F. A., et al, Tet Lett., 41, 7151-7155, 2000, 
(d) Morgan, A. J. et al. Org. Lett. 1(12\ 1949-1952, 1999. (e) Zhang, H., Xia, P., 
Zhou, W., Tetrahedron: Asymmetry, 11, 3439-3447, 2000, (f) Blaskovich, M.A,, et 
5 al J. Org. Chem., 63, 3631-3646, 1998. 

In the simplest case where is a methyl substituent, the p-hydroxy-a-amino acid 
(4) is threonine (Thr) for which all four stereosiomers (i.e. a 'R' or '*S" and p 'i?' or 
^S*) are conmiercially available. Activation of the suitably protected P-hydroxy-a- 

10 amino adds (4) via isobutyl chlorofonnate mixed anhydride, followed by 
condensation with diazomethane, yields fhe diazomethylketone intennediates (5). 
Treatment of diazomethylketone intennediates (5) with lithium chloride in aqueous 
acetic add provides the protected (2-aIkyl-4-oxo-tetrahydrofuran-3-yl)aniide (6). 
Introduction of simple substitu^ts may be achieved by condensation of activated 

15 (4) with alternatives to diazomethane such as diazoethane (R^ = CH3), or 1- 
pheayloxydiazoefhane (R^ = CHaOPh). 

The protected building blocks (synthesis exemplified by flie (2-aIkyl-4-oxo- 
tetrahydrofuran-3-yl)amide (6) detailed in Scheme 1) may be utilised in a solid phase 

20 synthesis of inhibitor molecules (steps (b) to (e)). Step (b), the solid phase linkage of 
an aldehyde or ketone, has previously been described by a variety of methods (e.g. 
see (a) James, I. W., 1999, (b) Lee, A., Huang, L., EUman, J. A., /. Am. Chem. Soc, 
121(43), 9907-9914, 1999, (c) Muiphy, A. M., et al, J. Am. Chem. Soc, IH, 3156- 
3157, 1992). A suitable method amenable to the reversible linkage of an alkyl ketone 

25 fimctionality such as (6) is through a combination of the previously described 
chemistries. The semicarbazide, 4-[[(hydrazinocarbonyl)amino] methyl]cyclohexane 
carboxylic acid.trifluoroacetate (7) (Murphy, A. M., et al, J. Am. Chem. Soc, 114, 
3156-3157, 1992), may be utilised as illustrated in Scheme 2, exemplified by luikage 
of the (2-alkyl-4-oxo-tetrahydrofuran-3-yl)amide (6). 
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Scheme 2. (a) (6) in 90% EtOH / H2O / 1.5eq NaOAc / 4-[[(hydrazinocaibonyl)amino] 
methyllcyclohexane carboxylic acidtrifhioroacetate (7), 2hr reflux, (b) 3 eq constract (8) / HBTU / 
5 HOBt / NMM, NH2-SOLID PHASE, DMF, RT, o/n. (c) 20% pipOTdine / DMF, 30mins. (d) Range of 
chemistries to introduce U-V-W-X-Y (e) TFA / H2O (95:5, v/v), RT, 2hr. 



Construct (8) is prepared through reaction of the linker molecule (7) and the (2-alkyl- 
4-oxo-tetrahydrofuran-3-yl)amide (6) by reflux in aqueous ethanol / sodium acetate. 
10 Standard solid phase techniques (e.g. see Atherton, E. and Sheppard, R. C, 1989) are 
used to anchor the construct to an anuno-fimctionalised solid phase through the free 
carboxylic acid functionality of (8), providing the loaded construct (9). 



Loaded construct (9) may be reacted with a wide range of carboxylic adds available 
15 commercially or in the literature, to introduce the left-hand portion *U-V-W-X-Y' in 
general formula (I). In the simplest example, the entire left hand portion of an 
inhibitor of general formula (I) can be prepared in solution by traditional organic 
chemistry methods and coupled to construct (9) on the solid phase (Schemes 3-7). 
For example (Scheme 3), treatment in solution of an amino acid, exemplified by (10) 
20 with sodium nitrite / H2SO4, provides the a-hydroxyacid, exemplified by (11) 
(Degerbeck, F. et al, J. Chem. Soc, Perkin Tram, i, 11-14, 1993). Treatment of a- 
hydroxyacid, (11) with sodium hydride in a dimethylformamide / dichloromethane 
mixture followed by addition of benzyl bromide, provides Z/JiS-benzyloxy-S- 
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cyclohexylpropionic add (12). Coupling of (12) to the solid phase construct (9) 
followed by cleavage, provides (13), an example of general formula (I) where = 
*H', pQo = (W)n = 'O', n = 1, (V)„ = 'CW. i.e. B}\ R^' = 'H', m = 1 and U = 
phenyl. To those skilled in the practices of organic synthesis, a wide variety of 
5 aminoacids such as (10) may be converted to the corresponding a-hydroxyacid such 
as (11) following the general conditions detailed. Additionally, benzylbromide may 
be replaced by any reasonable Ar-CR*^R^ "^-halogen, providing many variations of 
carboxylic acid (12) following the general conditions detailed. In certain instances, it 
may be advantageous to temporarily protect the carboxylic acid as the methyl ester 

10 (for example compound (18), Scheme 5) prior to reaction with the alkylhalide. The 
ester intermediate is then simply hydrolysed to acid (12). Thus analogues of (13) 
exploring a wide range of (V)m and U in general formula (I) may be prq)ared 
thiougji the general conditions detailed in Scheme 3. Since the final synthetic step 
involves a trifluoroacetic add (TFA) mediated cleavage of the solid phase bound 

15 compoimd, compounds where the substituted ether is labile to TFA may be prepared 
in solution by an alternative route (see Scheme 10). 



20 
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z «'0' 

Scheme 3. (a)NaN02 / H2SO4, 0"C->RT, 24hr (b) 2.3eq NaH, 1:1 DMF / DCM, 1.4eq 
benzylbromide, o/n (c) 20% piperidine / DMF, 30mms. (d) 5eq (12) / HBTU / HOBt / NMM, DMF, 
RT, o/n (e) TFA / H2O (95:5, v/v), RT, 2hr. 



5 Alternatively, coupling of construct (9) (following removal of Fmoc) with the a- 
hydroxyadd (11), provides a versatile solid phase bound intermediate *Y' substituent 
in general formula (I) that may be reacted with many reagents. For example, the a- 
hydroxyl can be reacted under Mitsunobu conditions (Hughes, D. L. Org. 
React(N.Y), 42, 335-656, 1992) to give ethers (i.e. X = W = *0', in general 
10 formula (I)) (see Gfrabowska, U. et al, J. Comb. Chem., 2(5), 475-490, 2000, for an 
example of Mitsunobu reaction on the solid phase). Alternatively, the a-hydroxyl can 
be reacted with a caibamoyl chloride to give a carbamate (Le. X = W = 'O', V = 
'mC(0)\ in general formula (I)). 

15 Alternatively, (Scheme 4), treatment in solution of an amino acid, exemplified by 
(10) with sodium nitrite / H2SO4 / potassium bromide provides the a-bromoadd, 
exemplified by (14) (Souers, A. J. et al, Synthesis, 4, 583-585, 1999) with retention 
of configuration. Treatment of a-bromoacid (14) with an alkylthiol exemplified by 
furan-2-ylmethanethiol (15) ^ dimethylformamide / triethylamine, provides 3- 

20 cyclohexyl«-27?-(fiaran-2-ylsulfanyl)propionic acid (16), with inversion of 
configuration. Coupling of (16) to the solid phase construct (9) followed by cleavage, 
provides (17), an example of general formula (I) where = *H', (X)o = (W)a = 
n = 1, (V)„ - *CH2% i.e. R^^ = 'H', m = 1 and U = 2-fiaranyl. To those 
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skilled in the practices of organic synthesis, a wide variety of aminoacids such as 
(10) may be converted to the corresponding a-bromoacid such as (14) following the 
general conditions detailed. Additionally, fiiran-2-ylmefhanefhiol (15) may be 
replaced by any reasonable Ar-CR^^R^^-SH, providing many variations of carboxylic 
5 acid (16) following the general conditions detailed. Thus analogues of (17) exploring 
a wide range of (V)m and U in general formula (I) may be prepared through the 
general conditions detailed in Scheme 4. 




z-o* 

10 Scheme 4. (a)NaN02 / H2SO4, KBr O^C-^RT, o/n (b) Alkylthiol (15) / DMF / NEta, o/n (c) 20% 
piperidine / DMF, 30mins. (d) 5eq (16) / HBTU / HOBt / NMM, DMF, RT, o/n (e) TFA / H2O (95:5, 
v/v),RT,2hr. 



Alternatively, coupling of construct (9) (following removal of Fmoc) with an a- 
15 bromoacid e.g. (14), provides a versatile intermediate 'Y' substituent in general 

formula (I) that may be reacted with many reagents. For example, the a-bromide can 

be displaced with nucleophiles alcohols, thiols, carbanions etc, to give ethers (i.e. 

X = W = 'O', in general formula (I)), thioethers (/.e X = W = *S', in general 

formula (I)). The thioethers may optionally be oxidised to the sulphone (see Scheme 
20 8, i.e. X = W = 'SO2', in general formula (I)) (see Grabowska, U. et al, J> Comb. 

Chem., 2(5), 475-490, 2000, for an example of bronude displacement and thioether 

oxidation on the solid phase). 
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Alternatively, (Scheme 5), treatment of an a-hydroxyacid, exemplified by (11) with 
trimethylsilylchloride and methanol provides the methyl ester (18). Activation of the 
firee hydroxy! to the chloroformate with phosgene in dichloromethane followed by 
addition of morpholine, then hydrolysis provides morpholine-4-carboxyUc acid-liS- 
5 carboxy-2-cyclohexyl ethyl ester (19). Coupling of (19) to the soUd phase construct 
(9) followed by cleavage, provides (20), an example of general formula (I) where 
= 'H', (X)o = (W)„ - 'O', n = 1, (V)„, = *CO* and U = morpholino. To those 
skilled in the practices of organic synthesis, a wide variety of a-hydroxyadd esters 
such as (18) could be converted to the activated chloroformate following the general 
10 conditions detailed Additionally, morpholine may be replaced by any reasonable 
amine, providing many variations of carboxylic acid (19) following the general 
conditions detailed. Thus analogues of (20) e3q>loring a wide range of (V)nj and U in 
general formula (I) may be prepared through the general conditions detailed in 
Scheme 5. 

15 




Scheme 5. (a) McaSiCl, MeOH, RT, o/n.. (b) i. COCI2 / DCM / o/n, ii. Morpholine / DCM 0**C, 2br, 
iiL liOH in H2O / dioxan, 0**C. (c) 20% piperidine / DMF, SOmins. (d) 5eq (19) / HBTU / HOBt / 
NMM, DMF, RT, o/n (e) TFA / H2O (95:5, v/v), RT, 2hr. 

Alternatively, (Scheme 6), a wide range of alkylsuccinate esters exemplified by 2R- 
cyclohexyhnethylsuccinic acid 1-mefliyl ester (21) are commercially available or 
readily prepared by known methods (see (a) Azam et al, J. Chem. Soc, Perkin Trans, 
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i, 621-, 1996; (b) Evans et al, J. Chem, Soc. PerJdn Trans, i, 103, 2127, 1981; (c) 
Oikawa et al, Tet Lett, 37^ 6169, 1996). Carboxyl activation of alkylsucdnate ester 

(21) followed by addition of moipholine in dimethylfonnamide and subsequent ester 
hydroylsis, provides 2/?-cyclohexylmethyl-4-moipholin-4-yl-4-oxo-bulyric add (22). 

5 Coupling of (22) to the solid phase construct (9) followed by cleavage, provides (23), 
an example of general formula (I) where = 'H', (X)o = i.e. R^ R^^ = 'H', o 
= 1, (W)n = *C0', n = 1, (V)m = and U = moipholino. To those skilled in the 
practices of organic synthesis, a wide variety of aUcylsuccinate esters such as (21) 
may be prepared and converted to the corresponding substituted aUcylsuccinate acid 
10 such as (22) following the general conditions detailed. Additionally, moipholine may 
be replaced by any reasonable amine, providing many variations of carboxylic acid 

(22) following the genera] conditions detailed. Thus analogues of (23) exploring a 
wide range of (X)o, (V)m aad U in general formula Q) may be prepared through the 
general conditions detailed in Scheme 6. 




Z -="0* 

15 

Scheme 6. (a) i.EDC / l-hydroxybenzotriazole /DMF, (fC, 30mms. ii. Moipholine, RT, o/n (b) LiOH 
in H2O / dioxan, 0°C (c) 20% piperidine / DMF, 30mins. (d) 5eq (22) / HBTU / HOBt / NMM, DMF, 
RT, o/n (e) TFA / H2O (95:5, v/v), RT, 2hr. 



20 Alternatively, (Scheme 7), a wide range of biarylalkylacetic acids, exemplified by 
2i?iS'-biphenyl-3-yl-4-methylpentanoic acid (25) are readily available by known 
methods (see (a) DesJarlais, R. L. et al^ J. Am. Chenu Soc, 120, 91 14-91 15, 1998; (b) 
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Oballa, R. M. et al, WO 0149288). Coupling of biarylalkylacetic add (25) to the 
solid phase construct (9) followed by cleavage, provides (26), an example of general 
formula (I) where = (X)o = (W)n = (V)m = and U = rfphenyl. To 
those skilled in the practices of organic synthesis, a wide variety of biaiylalkylacetic 
5 acids such as (25) may be prepared by alkylation of the a-anion of the free acid 
analogue of (24), which in turn is prepared by Suzuki coupling of phenylboronic acid 
and 3-bromophenylacetic acid methyl ester. Phenylboronic acid may be replaced by 
a wide range of arylboronic acids in the Suzuki coupling, providing many variations 
of carboxylic acid (25) following the general conditions detailed. Thus analogues of 
10 (26) exploring a wide range of group 'U' in general formula Q) may be prqjaned 
through the general conditions detailed in Scheme 7. 




(V)„,''-' 



(24) (25) U»m-biphenyl 

Z =0' 

Scheme 7. (a) LiOH in H2O / dioxan, 0*^0 (b) i.LDA, THF, 2-methylpiopeiiylbroimde. ii. Pd/C, EtOH, 
H2 (c) 20% piperidine / DMF, BQmins. (d) 5eq (25) / HBTU / HOBt / NMM. DMF, RT, o/n (e) TFA / 
15 H20(95:5,v/v),RT.2hr. 

Many other possibilities for solid phase organic chemistry (e.g. see Brown, R. D. J. 
Client. Soa, Perhn Trans J, 19, 3293-3320, 1998, for a review of recent SPOC 
publications) can be used to derivatise construct (9) towards compounds of general 
20 formula (I). For example, the left-hand portion *U-V-W-X-Y' in general formula (I) 
can be partially constructed in solution, coupled to construct (9) and further modified 
on the solid phase (Scheme 8). For instance, a simple extension of Scheme 4 is 
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fhrough the oxidation of the mtermediate solid phase bound species, with m- 
chloroperbenzoic acid in dichloromefhane prior to cleavage, to give the sulphone 
analogue (27). As described in Scheme 4, many variations of carboxylic acid (16) 
may be prepared following the general conditions detailed. Thus analogues of (27) 
5 exploring a wide range of (V)m and U in general formula (I) may be prepared through 
the general conditions detailed in Schemes 4 and 8. 




(27) 



Genera] fonnula (I) where 
(X)o- 

(V)m » 'CHa'. i.e. R**, R" = m - 1 

U -2-finanyl 

Z='0' 

Scheme 8. (a) 20% piperidine / DMF, 30mins. (b) 5eq (16) / HBTU / HOBt / NMM, DMF, RT, o/n 
10 (c) 5eq m-chloroped)enzoic acid / DCM, RT, 5hr. (d) TFA / HjO (95:5, v/v), RT, 2hr. 

Compounds of general formula (I) can be finally released firom the solid phase by 
treatment with trifluoroacetic acid / water, followed by evaporation, lyophylisation 
and standard analytical charact^sation. 

15 

A second strategy for the synthesis of compounds of general fonnula (I) comprises:- 

(0 Preparation of an appropriately functionalised and protected (2-alkyl-4-oxo- 
tetrahydrofuraa-3-yl)amide or a (2-alkyl-4-oxo-tetrahydrofhiophen-3-yl)amide or 
20 a (2-alkyl-5K>xocyclopentyl)amide building block m solution. Preferred 
protecting groups for solution phase chemistry are the Na-terf-butoxycarbonyl 
group and the Na-benzyloxycarbonyl group. 
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(g) Standard organic chemistry methods for the conversion of building block (f) 
towards compounds of general formula (I). 

In the simplest example, the entire left hand portion of an inhibitor of general 
5 formula (I) can be prepared in solution by traditional organic chemistry methods and 
coupled to building block (f) (see Scheme 9 exempUfied by preparation and use of 
the (2-alkyl-4-oxo4etrahydrofuran-3-yl)carbamic add tert-butyl ester (30)). 



10 



15 



20 




o 




ButO^N-^ 



(28) 



(29) 



(30) 



(e) 



R2 



R2 



(0 



H 0 
General formula (III) 



O 

(31) 



Scheme 9. (a) feuOCOCl, NMM, DCM, -15°C, lOmins, under aigon. (b) Diazomethane in dietfiyl 
etfaer, -15**C to RT over Ihr. (c) Acetic acid (d) LiCl (lOeq) in 80%aq acetic acid, 5^C to RT over Ihr. 
(e) 4M HCl in dioxan, O^C, 2hrs. (f) Pre-prepared U-V-W-X-Y-COOH / HBTU / HOBt / NMM, 
DMF,RT,o/n. 

The general strategy detailed in Scheme 9 is particularly useful when the compound 
of general formula (I) contains a substituent that is labile to trifluoroacetic acid, this 
being the final reagent used in each of the solid phase Schemes 3-8. For example 
(Scheme 10), treatment in solution of a-hydroxyadd (32) with sodium hydride in a 
dimethylformamide / dichloromethane mixture followed by addition of 4'tert- 
butylbmzyl bromide, provides 2i&y-(4-ter/-butylbenzyloxy)-4-metiiylpentanoic acid 
(33). Coupling of (33) to hydrochloride salt (31), provides (34), an example of 
general formula (I) where = 'H^ (X)o = (W)n = *0*, n = 1, (V)^ = 'GHz', i.e. 
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j^i2^ j5^i3 ^ c jj,^ m = 1 and U = 4-rer^butylphenyL To those skilled in the practices of 
organic S3mthesis, 4-ferif-butylbenzyl bromide may be replaced by any reasonable Ar- 
CR^^R^^-halogen, providing many variations of carboxylic acid (33) under the 
conditions shown. Thus analogues of (34) exploring a wide range of (V)m and U in 
5 general formula (I) may be prepared through the conditions detailed in Scheme 1 0. 




(34) 

Geaeial fonnnia Q where 
(X)o= 

CWO^-'O-.n-l 

(V)a = 'CH2», i.e. r" » IT, m » 1 
U = 4-/ert-butylp3ienyl 

Scheme 10. (a)2.2eq NaH, 1 : 1 DMF / DCM, 1.25eq 4-te/t-beiizylbromide, 2hr (b) ^BuOCOCl, NMM, 
DCM, -15^C, Ihr, under mtrogen, (c) leq (31), NMM, RT, o/n . 

10 

A third strategy for the synthesis of compounds of general formula (I) where the 
addition of U-V-W-X-Y to the protected (2-alkyl-4-oxo-tetrahydrofuran-3-yl)amide 
or a (2"alkyM-oxo-tetrahydrothiophen-3-yl)amide or a (2-alkyl-5-oxocyclo 
pentyl)amide building block involves multistep organic reactions comprises:- 

15 

(h) Preparation of an appropriately functionalised and protected (2-alkyM-oxo- 
tetrahydrofuran-3-yl)amide or a (2-alkyl-4-oxo-tetrahydrothiophen-3-yl)an[iide or 
a (2-alkyl-5-oxocyclopentyl)amide building block in solution. Preferred 
protecting groups for solution phase chanistry are the Na-te/t-butoxycarbonyl 

20 group and the Na-benzyloxycarbonyl group. 

(i) Protection of the ketone functionality of the (2-alkyl-4"Oxo-tetrahydro£uran-3- 
yl)amide or a (2-aIkyl-4-oxo-tetrahydrothiophen-3-yl)amide or a (2-alkyl-5- 
oxocyclopentyl)amide building block e.g. as a dimethylacetal. Alternatively, the 
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ketone may be reduced to the achiral secondary alcohols and re-oxidised as the 
final synthetic step. 

0) Standard organic chemistry methods for the conversion of building block (i) 
towards compounds of general formula (I). 

5 

IntOTnediates may be prepared in solution, followed by coupling to building block (i) 
and forflier derivitisation towards compounds of general formula (I) (see Scheme 1 1 
exemplified by preparation and use of the (4-Hydroxy-2-alkyl-tetrahydrofuran-3-yl) 
carbamic add tert-butyl esta: (35)). 

10 




R2 K-^ Q 

General formula (1) <37) 

Scheme 11. (a) Reduction, e.g. NaBH4 (b) 4M HCl in dioxan, 0^*0, 2hrs. (c) Stepwise reaction with 
iotenncdiates of Y, flien X, then W etc., to stepwise constiuct compounds (37). (d) Oxidation, e.g. 
Dess-Martinperiodane, CH2CI2. 

Alternatively, depending upon the types of chemistry used to construct the left hand 
side U-V-W-X-Y of compounds of general formula (I), the ketone may require 
protection e.g. as the dimethyl acetal. Such a method is detailed and exempHfied in 
Scheme 12 by the preparation and use of (4,4-Dimethoxy-2-alkyl-tetrahydrofiiran-3- 
yl)-carbaniic acid benzyl ester (38). 
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(38) (39) (40) 

General formula (I) (41) 
Scheme 12. (a) Triethylorthofoimate / pTSA / MeOH. (b) H2. Pd-C. (c) Stepwise reaction vn± 
intermediates of Y, liien X, then W etc., to stepwise constract compounds (41). (d) Trifluoroacetic 
acid/CH2Cl2/H20. 

5 

The invention extends to novel intermediates as described above, and to processes 
for preparing compounds of gen^ formula Q) from each of its immediate 
precursors. In turn, processes for preparing intermediates from their immediate 
precursors also form part of the invention. 

10 

Compounds of general formula (I) are usefrd both as laboratory tools and as 
therapeutic agents. In the laboratory certain compounds of the invention are useful 
in establishing whether a known or newly discovered cysteine protease contributes a 
critical or at least significant biochemical function during the establishment or 
1 5 progression of a disease state, a process commonly referred to as 'target validation'. 

According to a second aspect of the invention, there is provided a method of 
validating a known or putative cysteine protease inhibitor as a therapeutic target, the 
method comprising: 

20 

(a) assessing the in vitro binding of a compound as described above to an isolated 
known or putative cysteine protease, providing a measure of potency; and optionally, 
one or more of the steps of: 
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(b) assessing the binding of the cjompound to closely related homologous proteases 
of the target and general house-keeping proteases (e.g. trypsin) to provides a measure 
of selectivity; 

5 (c) monitoring a cell-based functional marker of a particular cystdne protease 
activity, in the presence of the compound; and 

(d) monitoring an animal model-based functional marker of a particular cysteine 
protease activity in the presence of the compoxmd. 

10 

The invention therefore provides a method of validating a known or putative cysteine 
protease inhibitor as a therapeutic target. Differing approaches and levels of 
complexity are appropriate to the effective inhibition and 'validation' of a particular 
target In the first instance, the method comprises assessing the in vitro binding of a 
15 compound of general formula (I) to an isolated known or putative cysteine protease, 
providing a measure of 'potency'. An additional assessment of the binding of a 
compoimd of general formula (I) to closely related homologous proteases of the 
target and general house-keeping proteases (e.g. trypsin) provides a measure of 
'selectivity'. A second level of complexity may be assessed by monitoring a cell- 
20 based functional marker of a particular cysteine protease activity, in the presence of a 
compound of general formula (I). For example, a *human osteoclast resorption assay' 
has been utilised as a cell-based secondary in vitro testing system for monitoring the 
activity of cathepsin K and the bioch^mcal effect of protease inhibitors (e.g. see 
WO-A-9850533). An 'MHC-II processing - T-cell activation assay' has been utiKsed 
25 as a cell-based secondary in vitro testing system for monitoring the activity of 
cathepsin S and the biochemical effect of protease inhibitors (Shi, G-P., et al. 
Immunity, 10, 197-206, 1999). When investigating viral or bacterial infections such a 
marker could simply be a functional assessment of viral (e.g. count of mKNA copies) 
or bacterial loading and assessing the biochemical effect of protease inhibitors. A 
30 third level of complexity may be assessed by monitoring an animal model-based 
functional marker of a particular cysteine protease activity, in the presence of a 
compound of general formula (I). For example, murine models of Leishmania 
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infection, P. vinckei infection, malaria (inhibition of falcipain) and T. cruzi infection 
(cruzipain), indicate that inhibition of cysteine proteases that play a key role in 
pathogen propagation is effective in arresting disease symptoms, 'validating' said 
targets. 

5 

The invention therefore extends to the use of a compoxmd of general formula (I) in 
the validation of a known or putative cysteine protease inhibitor as a therapeutic 
target. 

10 Compounds of general formula (I) are useful for the in vivo treatment or prevention 
of diseases in which participation of a cysteine protease is implicated. 

According to a third aspect of the invention, there is provided a compound of general 
formula (I) for izse in medicine, especially for preventing or treating diseases in 
1 5 which the disease pafliology may be modified by inhibiting a cysteine protease. 

According to a fourth aspect of the invration, there is provided the use of a 
compound of general formula (I) in the preparation of a medicament for preventing 
or treating diseases in which the disease pathology may be modified by inhibiting a 
20 cysteine protease. 

Certain cystdne proteases function in the normal physiological process of protein 
degradation in animals, including humans, e.g. in the degradation of connective 
tissue. However, elevated levels of these enzymes in the body can result in 

25 pathological conditions leading to disease. Thus, cysteine proteases have been 
implicated in various disease states, including but not limited to, infections by 
Pneumocystis carinii^ Trypsanoma cruzi^ Trypsanoma brucei brucei and Crithidia 
fusiculata; as well as in osteoporosis, autoimmxmity, schistosomiasis, malaria, 
tumour metastasis, metachromatic leukodystrophy, muscular dystrophy, amytrophy, 

30 and the like. See WO-A-94041 72 and EP-A-0603873 and references cited in both of 
them. Additionally, a secreted bacterial cysteine protease from 5. Aureus called 
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staphylopain has been implicated as a bacterial virulence factor (Potempa, J., et al. J. 
Biol. Chem, 262(61 2664-2667, 1998). 

The invention is useful in the prevention and/or treatment of each of the disease 
5 states mentioned or implied above. The present invention also is useful in a methods 
of treatment or prevention of diseases caused by pathological levels of cysteine 
proteases, particularly cysteine proteases of the papain superfamily, which methods 
comprise administering to an animal, particularly a mammal, most particularly a 
human, in need thereof a compound of the present invention. The present invention 

10 particularly provides methods for treating diseases in which cysteine proteases are 
implicated, including infections by Pneumocystis carinii^ Trypsanoma cruzi^ 
Trypsanoma brucei^ Leishmania mexicana, Clostridium histolyticum. Staphylococcus 
aureus^ foot-and-mouth disease virus and Crithidia Jusiculata; as well as in 
osteoporosis, autoimmunity, schistosomiasis, malaria, tumour metastasis, 

1 5 metachromatic leukodystrophy, muscular dystrophy and amytrophy . 

Inhibitors of cruapain, particularly cruzipain-specific compounds, are useful for the 
treatment of Chagas' disease. 

20 In accordance with this invention, an effective amount of a compound of general 
formula (I) may be adnunistCTed to inhibit the protease implicated with a particular 
condition or disease. Of course, this dosage amount will further be modified 
according to the type of administration of the compound. For example, to achieve an 
"effective amount" for acute therapy, parenteral administration of a compoimd of 
25 general formula (I) is preferred. An intravenous infusion of the compoxmd in 5% 
dextrose in water or normal saline, or a similar formulation with suitable excipients, 
is most effective, although an intramuscular bolus injection is also useful. Typically, 
the parenteral dose wall be about 0.01 to about 100 mg/kg; preferably between 0.1 
and 20 mg/kg, in a maimer to maintain the concentration of drug in the plasma at a 
30 concentration effective to inhibit a cysteine protease. The compounds may be 
administered one to four times daily at a level to achieve a total daily dose of about 
0.4 to about 400 mg/kg/day. The precise amount of an inventive compound which is 
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therapeutically effective, and the route by which such compound is best 
administered, is readily determined by one of ordinary skill in the art by comparing 
the blood level of the agent to the concCTtration required to have a Aerapeutic effect. 
Prodrugs of compounds of the present invention may be prepared by any suitable 
5 method. For those compounds in which the prodrug moiety is a ketone functionality, 
specifically ketals and/or hemiacetals, the conversion may be effected in accordance 
with conventional methods. 

The compounds of this invention may also be administered orally to the patient, in a 
10 manner such that the concentration of drug is sufficient to inhibit bone resorption or 
to achieve any other therapeutic indication as disclosed herein. Typically, a 
pharmaceutical composition containing the compound is administered at an oral dose 
of between about 0.1 to about 50 mg/kg in a manner consistent with the condition of 
the patient Preferably the oral dose would be about 0.5 to about 20 mg/kg. 

15 

No unacceptable toxicological effects are expected whra compounds of the preset 
invention are administered in accordance with the present invention. The compomds 
of this invention, which may have good bioavailability, may be tested in one of 
several biological assays to determine the concentration of a compound which is 
20 required to have a given pharmacological eflFect. 

According to a fif& aspect of the invention, there is provided a pharaiaceutical or 
veterinary composition comprising one or more compounds of general formula (I) 
and a pharmaceutically or veterinarily acceptable carrier. Other active materials may 
25 also be present, as may be considered appropriate or advisable for the disease or 
condition being treated or prevented. 

The carrier, or, if more than one be present, each of the carriers, must be acceptable 
in the sense of being compatible with flie other ingredients of the formulation and not 
30 deleterious to the recipient. 
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The foxmulations include those suitable for rectal, nasal, topical (including buccal 
and sublingual), vaginal or parenteral (including subcutaneous, intramuscular, 
intravenous and intradermal) administration, but preferably the formulation is an 
orally administered formulation. The formulations may conveniently be presented in 
5 unit dosage form, e.g. tablets and sustained release capsules, and may be prepared by 
any methods well known in the art of pharmacy. 

Such methods include the step of bringing into association the above defined active 
agent with the carrier. In general, the formulations are prepared by imiformly and 
intimately bringing into association the active agent with liquid carriers or finely 
divided solid carriers or both, and then if necessary shaping the product. The 
invention extends to methods for preparing a pharmaceutical composition comprising 
bringing a compound of general formula (I) in conjunction or association with a 
pharmaceutically or veterinarily acceptable carrier or vehicle. 

Formulations for oral adnainistration in the present invention may be presented as: 
discrete units such as capsules, cachets or tablets each containing a predetermined 
amount of the active agent; as a powder or granules; as a solution or a suspension of 
the active agent in an aqueous liquid or a non-aqueous liqmd; or as an oil-in-water 
liquid emulsion or a water in oil liquid emulsion; or as a bolus etc. 

For compositions for oral administration (e.g. tablets and capsules), the term 
"acceptable carrier*' includes vehicles such as common excipients e.g. binding 
agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, polyvinylpyrrolidone 
25 (Povidone), methylcellulose, efhylcellulose, sodium caiboxymethylcellulose, 
hydroxypropyhnethylcellulose, sucrose and starch; fillers and carria^, for example 
com starch, gelatin, lactose, sucrose, microcrystalline cellulose, kaolin, maimitol, 
dicalcium phosphate, sodium chloride and algioic acid; and lubricants such as 
magnesium stearate, sodium stearate and other metallic stearates, glycerol stearate 
30 stearic add, silicone fluid, talc waxes, oils and colloidal silica. Flavouring agents 
such as peppermint, oil of wintergreen, cherry flavouring and the like can also be 
used. It may be desirable to add a colouring agent to make the dosage form readily 
identifiable. Tablets may also be coated by methods well known in the art. 



10 



15 
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A tablet may be made by compression or moulding, optionally with one or more 
accessory ingredients. Compressed tablets may be prepared by compressing in a 
suitable machine the active agent in a free flowing form such as a powder or 
granules, optionally mixed witb a binder, lubricant, inert diluent, preservative, 
5 surface-active or dispersing agent. Moulded tablets may be made by moulding in a 
suitable machine a nmcture of the powdered compound moistened with an inert 
liquid diluent. The tablets may be optionally be coated or scored and may be 
fonnxilated so as to provide slow or controlled release of the active agent 

10 Other formulations suitable for oral administration include lozenges comprising the 
active agent in a flavoured base, usually sucrose and acacia or tragacanth; pastilles 
comprising the active agent in an inert base such as gelatin and glycerin, or sucarose 
and acacia; and mouthwashes comprising the active agent in a suitable liquid carrier. 

1 5 Parenteral formulations will generally be sterile. 

According to a sixth aspect of the invention, there is provided a process for the 
preparation of a pharmaceutical or veterinary composition as described above, the 
process comprising bringing the active compound(s) into association with the carrier, 
20 for example by admixture. 

Preferred features for each aspect of the invention are as for each other aspect mutatis 
mutandis. 

25 The invention will now be illustrated with the following examples: 
Solution Phase Chemistry - General Methods 

All solvents were purchased from ROMIL Ltd (Waterbeach, Cambridge, UK) at SpS 
30 or Hi-Dxy grade unless otherwise stated. General peptide synthesis reagents were 
obtained from Chem-hnpex Intl. Inc. (Wood Dale IL 60191. USA). Thin layer 
chromatography (TLC) was performed on pre-coated plates (Merck aluminium 
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sheets silica 60 F254, part no. 5554). Visualisation of compounds was achieved 
under ultraviolet light (254mn) or by using an appropriate staining reagent. Flash 
column purification was performed on silica gel 60 (Merck 9385). All analytical 
HPLC were obtained on Phenomenex Jupiter C4, 5ji, 300A, 250 x 4.6mm, using 
5 mixtures of solvent A - 0.1 %aq trifluoroacetic acid (TEA) and solvent B = 90% 
acetonitrile / 10% solvent A on automated Agilent systems with 215 and / or 254nm 
UV detection. Unless otherwise stated a gradient of 10 - 90% B in A over 25 
minutes at L5mL / min was performed for full analytical HPLC analysis. HPLC-MS 
analysis was performed on an Agilent 1 1 00 series LC/MSD, usin^ automated Agilent 

1 0 HPLC systems, with a gradient of 10 - 90% B in A over 1 0 minutes on Phenomenex 
Columbus Cg, 5|i, 300A, 50 x 2.Qmm at 0.4mL / min. Nuclear magnetic resonance 
(NMR) were obtained on a Bruker DPX400 (400MHz IH frequency; QXI probe) in 
the solvents and temperature indicated. Chemical shifts are expressed in parts per 
million (5) and are referenced to residual signals of the solvent Coupling constants 

15 (7) are e:q>ressed in Hz. 

Example inhibitors (1-47) were prepared through a combination of solution 
chemistry and solid phase Fmoc-based chemistries (see 'Solid Phase Peptide 
Synthesis', Afherton, E. and Sheppard, R. C, IRL Press Ltd, Oxford, UK, 1989, for a 
20 general description) (Schemes 1-12). 

Solid Phase Chemistry - General Methods 

An appropriately protected and functionalised building block was prepared in 
25 solution (e.g. general compound (6), Scheme 1), then reversibly attached to the solid 
phase through an appropriate linker. Rounds of coupling / deprotection / chemical 
modification e.g. oxidation, were then performed xmtil the full length desired 
molecule was complete (Scheme 2). Example inhibitors (1-47) were then released 
(cleaved) firom the solid phase, analysed, purified and assayed for inhibition verses a 
30 range of proteases. 



i 



wo 02/057248 



-52- 



PCT/GB02/00188 



Generally, multipins (polyamide 1.2 10|jinole loadings, see 

www.mimotopes.com) were used for the solid phase synthesis, although any suitable 
solid phase surface could be chosen. In general, the L2|imole gears were used to 
Fovide small scale crude examples for preliminary screening, whilst the lOnmole 
5 crowns were used for scale-up synthesis and purification of preferred examples. 
Standard coupling and Fmoc deprotection methods ware employed (see Grabowska, 
U. et al, J. Comb. Chem. 2(5), 475-490, 2000. for a thorough description of soUd 
phase multipin methodologies). 

10 Preparation of Initial Assembly 

Building Block-linker constructs (e.g.(8), typically lOOmg to 2g) were carboxyl 
activated with 2-(lH-benzotriazole-l-yl)-l,l,3,3-tetramethyluronium hexafluoro 
phosphate (HBTU, 1 mole equivalent), 1-hydroxybenzotriazole.hydrate (HOBT, 1 
15 mole equivalent) and N-methyhnorpholane (NMM, 2 mole equivalents) in 
dimethylfoimamide (DMF, typically 1 to lOmL) for 5 minutes. Amino 
ftinctionalised DA/MDA crowns or HEMA gears (lOjmiole per crown / 1.2nmole 
per gear, 0.33 mole equivalent of total surface amino fimctionalisation compared to 
activated construct) were added, followed by additional DMF to cover the solid 
20 phase surface. The loading reaction was left overnight Following overnight loading, 
crowns / gears were taken through standard cycles washing, Fmoc deprotection and 
loading quantification (see Grabowska, U. et at) to provide loaded Building Block- 
linker constructs (e.g.(9)). Analysis indicated virtually quantitative loading in all 
examples. 

25 

Coupling Cy clftfi 

The coupling of standard Fmoc-aminoacids and novel carboxylic acids (e.g. (12) 
Scheme 3, (16) Scheme 4, (19) Scheme 5, (22) Scheme 6, (25) Scheme 7) (10 or 20 
30 mole equivalent) were performed via carboxyl activated with 2-(lH-benzotriazole-l- 
yl)-l,l,3,3-tetramethyltironium hexafluorophosphate (HBTU, 10 or 20mole 
equivalent), l-hydroxybenzotriazolchydrate (HOBT, 10 or 20mole equivalent) and 



wo 02/057248 



-53- 



PCT/GB02/00188 



N-mefhylmorpholine (NMM, 20 or 4()mole equivalents) in dimethylfonnamide, with 
pre-activation for 5 minutes. Activated species were dispensed to the appropriate 
wells of a polypropylene 96-well plate (Beckman, ImL wells, SOO^L solution per 
well for crowns or 250pL solution per well for gears) in a pattern required for 
5 synthesis. Loaded free amino Building Block-linker constructs (e.g.(9)) were added 
and the coupling reaction left overnight. Following overnight coupling, crowns / 
gears were taken through standard cycles washing and Fmoc deprotection (see 
Grabowska, U. et al)- Identical activation and coupling conditions were used for the 
coupling of a range of carboxyUc acids (R-COOH). Alternatively, chloroformates 
10 e.g. morpholine-4-carbonylchloride (10 mole equivalent), were coupled in DMF 
with the addition of NMM (IQmole equivalents). 

Acidolvtic Cleavage Cycle 

15 A mixture of 95% TFA / 5% water was pre-dispensed into two polystyrene 96-well 
plates (Beckman, ImL wells, 600nL solution per well for crowns or 300|iL solution 
per well for gears) in a pattern corresponding to that of the synthesis. The completed 
multipin assembly was added to ttie first plate (mother plate), tiae block covered in tin 
foil and cleaved for 2 hours. The cleaved multipin assembly was then removed from 

20 the first plate and added to the second plate (washing plate) for 15 minutes. The 
spent multipin assembly was then discarded and the mother / washing plates 
evaporated on a HT-4 GeneVac plate evaporator. 

Analysis and Purification of Cleaved Examples 

25 

(a) Ex L2|Limole Gears. 100p.L dimethylsulphoxide (DMSO) was added to each 
post cleaved and dried washing plate well, thoroughly mixed, transferred to 
the corresponding post cleaved and dried mother plate well and again 
thoroughly mixed. lOjiL of this DMSO solution was diluted to lOOjxL with a 
30 90% acetonitrile / 10% 0.1%aq TFA mixture. 20|iL aliquots were analysed 

by HPLC-MS and fiill analytical HPLC. In each case the crude example 
molecules gave the expected [M + Hf ion and an HPLC peak at > 80% (by 
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215mn UV analysis). This provided an approximately lOmM DMSO stock 
solution of good quality crude examples for prelin[iinaxy protease inhibitory 
screening. 

(b) Ex lOfimole Crowns. SOOfxL of a 90% acetonitiile / 10% 0.1%aq TFA 
5 mixture was added to each washing plate well, thoroughly mixed, transferred 

to the corresponding mother plate well and again thoroughly mixed. 5jxL of 
this solution was diluted to lOOjiL with a 90% acetonitrile / 10% 0.1%aq 
TFA mixture. 20nL aliquots were analysed by HPLC-MS and fiill analytical 
HPLC. In each case the ande example molecules gave the expected [M + 
10 H]"*" ion and an HPLC peak at > 80% (by 215nm UV analysis). The 

polystyrene blocks containing crude examples were tiien lyophilised. 

(c) Individual examples (ex (b)) were re-dissolved in a 1 : 1 mixture of 0.1% aq 
TFA / acetonitrile (ImL) and purified by semi-preparative HPLC 
(Phenomenex Jupiter C4, 5p,, 300A, 250 x 10mm, a 25-90% B ia A gradient 

15 over 25mins, 4.0mL/min, 215nm UV detection). Fractions were lyophilised 

into pre-tarred glass sample vials to provide purified examples (typically 2 to 
4mg, 40 to 80% yield). 

(d) Purified examples were dissolved in an appropriate volume of DMSO to 
provide a lOmM stock solution, for accurate protease inhibitory screening. 

20 

EXAMPLE 1. (25', 3S) 2-Benzyloxy-3-cyclohexyl-iV-(2-methyl-4-oxo-tetrahydro 
furan-3-yl)-propionamide 




25 
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Following the general details &om Scheme 1, the required bicycle building block 
(25, 3S) (2-methyl-4K)xo-tetrahydrofuran-3-yl>carbamic acid 9H-fluoren-9-ylmethyl 
ester (6a) was prepared as follows: 

5 (1) Preparation of (IS, VS) [3-diazo-l-(l-^err-butoxyethyl)-2-oxo-propyl]-carbamic 
acid 9H-fluoren-9-ylmethyl ester. 



A solution of /w-butyl chlorofonnate (1,05 g, 7.7 mmol) in dichloromethane (14 ml) 
10 and a solution of 4-methylmoipholine (1.42 g, 14 mmol) in dichloromethane (14 ml) 
were sunultaneously added to a stirred suspension of Fmoc-(9-(/e7t-butyl ether)-L- 
a//o-threonine (2.78g, 7mmol) in dichloromethane (70 ml) at -15 °C over 10 minutes 
under an atmosphere of nitrogen. Ethereal diazomethane [generated from diazald 
(7.14 g, -21mmol) addition in diethyl ether (1 15 ml) to sodium hydroxide (8.022 g) 
1 5 in water (1 1 ml)/ethanol (3 1 ml) at 60^C] was then cautiously added and the resultmg 
yellow solution was stirred at room temperature for 90 minutes. Acetic add (--3 ml) 
was cautiously added (until effervescence had ceased) then the mixture was diluted 
with te/t-butyl methyl ether (70 ml). The eth^eal layer was washed with water (3 x 
70 ml), dried (Na2S04) and the solvent removed in vacuo to leave (IS, 1 'S) [3-diazo- 
20 l-(l-terr-butoxyethyl)-2-oxo-propyl]-carbamic acid 9H-fluoren-9-ylmethyl est^ as 
a yellow oil (5.47 g) which was used without further purification. 

(2) Cyclisationto (25, 35) (2-methyl-4-oxo-tetrahydrofuian-3-yl)carbamic add 9H' 
fluoren-9-yhnethyl ester. 



NHFmoc 




25 



FmocHN- 
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A solution of lifluum chloride (2.97 g, 70mmol) in 80% acetic add in water (105 ml) 
was added to (IS, VS) [3-dia20-l-(l-ferf-butoxyethyI)-2-oxo-propyl]carbamic acid 
9H-fliioren-9-ylmethyl ester (5.7 g, ~7inmol). The yellow oily suspension was stirred 
for 2 hours whereupon a pale yellow solution formed accompanied by the evolution 
5 of a gas. The solvents were removed in vacuo then the residue was dissolved in ethyl 
acetate (42 ml), washed with 10% aqueous sodium carbonate solution (2 x 42 ml) 
and saturated aqueous sodium chloride solution (42 ml). The combined aqueous 
layers were extracted with ethyl acetate (2 x 42 ml) then the combined ethyl acetate 
layers were dried (Na2S04) and the solvents removed in vacuo to leave a yellow gum 

10 (4.28 g). The yellow gum was purified by chromatography over silica gel eluting 
with a gradient of n-heptane : ethyl acetate 9:1 -> 7:3. Appropriate fractions were 
combined and the solvents removed in vacuo to leave (25, 3S) (2-methyl-4-oxo- 
tetrahydrofuran-3-yl)caibamic acid 9-fif-fluoren-9-ylmefhyI ester as a white 
caystalline solid (1.58 g, 67% from starting add). TLC (single UV spot, Rf = 0.27, n- 

15 heptane : ethyl acetate 2:1), analytical HPLC peak Rt = 17.92mins, HPLC-MS 
(single UV peak with Rt = 8.47mins, 360.0 [M + Naf , 361.0 [M + H + Na]"^. 

6H (CDCI3 at 298K); 1.28-1.50 (3H, CH3CHO, brs), 3.60-3.75 (IH, CH3CHO m), 
3.78-4.00 (2H, Fmoc CH^, m), 4.04-4.24 (2H, Fmoc H-9 and NHCHCO, m), 4.26- 
20 4.50 (2H, OCHaCO, dd), 4.92-5.14 (IH, NH, brs), 7.17-7.36 (4H, ArH, Fmoc H-2, 
H-3, H-6 and H.7), 7.40-7.56 (2H, ArH, Fmoc H-1 and H-8), 7.60-7.75 (2H, ArH, 
Fmoc H-4 and H-5). 

sC (CDCI3 at 298K); 19.44 (u, CH3CHO), 47.52 (u, Fmoc C-9), 63.09 (u, 
NHCHCO), 67.65 (d, Fmoc CH2), 71.20 (d, COCH2), 77.82 (u, CH3CHO), 120.43 
25 (u, Fmoc C-4 and C-5), 125.38 (u, Fmoc C-1 and C-8), 127.51 (u, Fmoc C-2 and C- 
7), 128.19 (u, Fmoc C-3 and C-6), 141.75 (q, Fmoc C-4' and C-5'), 143.98/144.03 
(q, Fmoc C-l' and C-8'), 156.42 (q, OCON), 212.18 (q, COCH2). 

30 Following the general details from Scheme 2, the required bicycle building (25, 3S) 
(2-mefliyl-4-oxo-tetrahydrofiu:an-3-yl)-carbaimc add 9H-fluoren-9-ylmefhyl ester 
(6a) was converted to building block-linker construct (8a) as follows: 
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(25; 35) (2-me%1.4-oxo-tetrahydrofuran-3-yl)^ acid 9H-fluorea-9-ylmethyl 

ester (6a) (354mg, LOSmmol, 1 eq) was dissolved in a mixture of ethanol (9.6 mL) 
and water (1.4 mL) containing sodium acetate.trihydrate (218mg, 1.6 mmol, 1.5 eq). 
4-[[(hydra2inocarbonyl)aniino] methyl]cyclohexanecarboxylic acid, trifluoroacetate 
5 (346mg, 1.05mmol, 1 eq, Murphy, A. M. et al, 1 Am. Chem, Soc, 114, 3156-3157, 
1992) was added and the mixture refluxed for 2hr. Chloroform (lOOmL) was added 
and the organics washed with dilute aqueous hydrochloric acid (0.1 M, 1 x 100 mL). 
The acidic layer was backwashed with chloroform (3 x lOOmL) and the combined 
organics washed with brine (100 mL), dried (Na2S04) and evaporated under reduced 
10 pressure to afford linker construct (8a) as a white solid (630mg). Analytical HPLC 
indicated one main peak at Rt = 17.17 min, HPLC-MS (main UV peak with Rt = 7.91 
min, 535.3 [M + H]^ Crude (8a) was used directly for construct loading. 

Following ttie general details from Scheme 2, the required building block-linker 
15 construct (8a) was attached to the solid phase providing loaded building block-linker 
construct (9a) as follows: 

Building block-linker construct (8a) (l.Ommole), 2-(lH-benzotriazole-l-yl)-l,l,3,3- 
tetramefliyluroniumhexafluoro phosphate (HBTU, 379mg, LOmmole), 1- 

20 hydroxybenzotriazolchydrate and (HOBT, 153mg, l.Ommole) were dissolved in 
dimethylformamide (5mL) and N-methyhnorpholine (NMM, 220^iL, 2.Qmmole) 
added. After pre-activation for 5 minutes, free amine gears (250 x 1.2|j.mole) were 
added, followed by dimethylformamide (30mL) and left overnight. The spent 
coupling solution was then added to free amine crowns (25 x lOfmiole) and left 

25 overnight Standard washing and analyses indicated loading at >95%. 

The required ether carboxylic acid building block 2iZ5-Benzyloxy-3-cyclohexyl- 
propionic add (compound (12), Scheme 3) was prepared as follows: 

30 (1) Preparation of 3-Cyclohexyl-25'-hydroxypropiomc add (Compound (11) Scheme 
3) 
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A solution of sodium nitrite (12.1g, ITSmmol) in water (40ml) was added dropwise 
to a stirred suspension of (S)-a-aminocycIohexanepropiomc acid hydrate (5g, 
26.5mmol) in 0.5M sulphuric acid (120ml, 60mmol) at 0°C over l.Shours. The 
ncdxture was allowed to warm to ambient temperature over 20hours. The product was 
5 extracted into diethyl ether (2 x 25ml) then the ethereal layers were washed with 
saturated aqueous sodium chloride solution (2 x 25ml), dried (Na2S04) and the 
solvents removed in vacuo. The residue (5.3g) was recrystallized from diethyl ether 
(10ml) and heptane (25nil) to give 3-cyclohexyl-ZS-hydroxypropionic add as a white 
soUd, yield 2.4 g, (53%). 

10 

6h (400MHz, CDCI3 at 298K), 0.89-1.35 (5H, m) and 1.51-1.86 (7H, m) (OCHCH2 
and cyclohexyl), 4.32 (IH, OCHCH2, m) 

(2) Preparation of 2i&S-Benzyloxy-3-cyclohexylpropiomc acid (Compound (12) 
15 Scheme 3) 

Sodium hydride (265mg of 60% dispersion in oil, 6.6mmol) was added in two 
portions to a stirred noixture of 3-cyclohexyl-2»S'-hydroxypropionic acid (0.52g, 
3,0mmol), dimethylformamide (5ml) and dichloromethane (5ml) at O^C over 

20 5minutes. The mixture was stirred at O^C for 5minutes then at ambient temperature 
for 45minutes. Benzyl bromide (0.45ml, 3.8namol) was added then the mixture 
stirred for 1 hour before adding dimethylformamide (5ml). After stirring for 4 hours 
potassium iodide (50mg, 0.3mmol) was added. The mixture was stirred for 20hours 
then heated at 55^C for Ihour then allowed to cool to ambient temperature and 

25 poured into water (15ml). A saturated aqueous sodium chloride solution (5ml) was 
added then the mixture was extracted with dichloromethane (5ml then 10ml) that was 
discarded. The aqueous layer was acidified using IM hydrodiloric acid (10 ml) then 
extracted with dichloromethane (2 x 10ml). The dichloromethane layer was dried 
(MgS04) and the solvent removed in vacuo. The residue (0.55g) was dissolved in 

30 dimethylformamide (8ml) then cooled to 0**C before adding sodium hydride (190mg 
of 60% dispersion in oil, 4.75mmol). The mixture was stirred for 30 minutes then 
polymer bound isocyanate (380mg, 2mmolNg"^) added. The mixture was stirred for 2 
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hours at ambient temperature then poured into water (15ml). IM Hydrochloric acid 
(IQml) was added then the product was extracted into dichloromethane (2 x 10ml), 
dried (Na2S04) and the solvent removed in vacuo. The residue was purified by flash 
chromatography over silica gel eluting with a gradient of methanol : dichloromethane 
5 0: 1 -> 1 :20. Appropriate flections were combined and the solvents removed in vacuo 
to give 2/iS'-benzyloxy-3-cyclohexylpropionic acid as a colourless oil, yield 41mg 
(5.2%). HPLC-MS (single main UV peak with Rt = 9.47mins, 261.2 [M - H]", 
285.2[M + Naf , 547.3[2M + Na]t). 

10 8h (400MHz, CDCI3 at 298K), 0.72-1.03 (2H, cyclohexane, m), 1.08-1.38 (3H, 
cyclohexane, m), 1.45-1.93 (6H + 2Hp, cyclohexane, m), 3.93-4.18 (IHa, OCHCO), 
4.35-4.53 (lH,.CIfcO, d, /= 1 1.52 Hz), 4.68-4.88 (IH ClfcO, d, /= 1 1.54 Hz), 7.20- 
7.47 (5H, ArH, m), 9.36 (IH, OH, brs). 

15 Compound (12) was coupled under standard conditions to loaded building block- 
linker construct (9a) (following standard removal of Fmoc), then cleaved to provide 
EXAMPLE 1. The crude example was analysed (see general techniques). HPLC Rt = 
20.74 mins (> 90 %), HPLC-MS 360.2 (M + Hf , 741.4 [2M -h Na]^ 

20 The following examples (2 - 10) were prepared as detailed for EXAMPLE 1, 
coupling with the required carboxylic acid building blocks to provide the full length 



EXAMPLE 2 . (23, 35) 2-Benzyloxy-iV^(2-methyl-4-oxo-tetrahydrofuran-3-yl)-3- 
25 phenyl-propionamide 



molecule. 
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HPLC Rt = 18.34inins (> 90 %), HPLC-MS 354.2 [M + TI\\ 729.3 [2M + Na]^ 

The required carboxylic acid, 2/?5'-ben2yloxy-3-phenylpropiomc acid was prepared 
following the general method described for compound (12) as a colourless oil, yield 
5 62 mg. HPLC-MS (single main UV peak with Rt = 8.27mins, 257. 1 [M+ H]"^. 

sH (CDCI3 at 298K); 3.05-3.30 (2H, PhCHj, m), 4.15-4.30 (IH, OCHCO, m), 4.36- 
4.50 (1H,,CH20, d, /= 11.83 Hz), 4.66-4.83 (IH, CgjO, d, /= 11.85 Hz), 7.13-7.45 
(lOH, ArH, m), 10.07 (IH, OH, brs). 

10 

EXAMPLE 3. (25^, 35) 3-C^clohexyl-2-(fta.2-yhnethylsulfanyl)^^^^ 
oxo-tetrahydrofuran-3-yl)-propionamide 




15 HPLC Rt = 19.74 mins (> 80 %), HPLC-MS 366.1 [M -h Hf , 753.2 [M + Na]^ 

The required ether carboxylic acid building block 3-Cyclohexyl-2^-(furan-2. 
ylmethylsulfanyl)-propiomc add (compound (16), Scheme 4) was prepared as 
follows: 

20 

(1) Preparation of (5)-a-bromocyclohexanepropionic add 

A solution of sodium nitrite (2.26 g, 32.7mmol) in water (6 ml) was added drop-wise 
at 0°C over 4 hours to a stirred mixture of (5)-a-aminocyclohexanepropionic acid 
25 (5g, 29.2mmol), potassium bromide (11.40g, 95.8nmiol) and concentrated sulphuric 
add (3.3 ml) in water (35 ml). The mixture was stirred for 5 hours at 0°C then at 
ambient temperature for 16 hours. The product was extracted into diethyl ether (4 x 
50 ml) then the combined ethereal layers were washed with saturated aqueous 
sodium chloride solution (2 x 50 ml), dried (MgS04) and the solvent removed in 
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vacuo. The residue was purified by chromatography over silica gel eluting with a 
gradirat of methanol : dichloromethane 1:50 -> 1:20. Appropriate fractions were 
combined and the solvents removed in vacuo to leave (5)-a- 
bromocyclohexanepropionic acid as a pale yellow oil (3.64 g, 53%). TLC (single 
5 spot, Rf = 0.45, 10% methanol in dichloromethane), HPLC-MS (single main peak 
with Rt = 8.85mins, 234.1 / 236.1 [M + H]"). 

sH (CDCI3 at 298K); 0.83-1.88 (IIH, CH(cyclohexane), CH2(cyclohexane), m), 
1.89-2.05 (2H, BrCHCH2, m), 4.32-4.44 (IH, BrCHCHz (cyclohexane), m), 
10 5C (CDCI3 at 298K); 26.19/26.29/26.48/26.58/26.79, 32.51 and 34.28 (cyclohexane 
CH2), 33.32 (CHCH2CHCO), 42.40 (BrCHCHi), 68.83 (BiCH), 176.01 (CO). 

(2)Preparation of 3-Cyclohexyl-2J?-(furan-2-ylmethylsulfanyl)-propionic acid 
(compound (16), Scheme 4) 

15 

(iS)-a-bromocyclohexanepropiomc acid (0.41 g, 1.75mmol) and furan-2- 
yhnethylthiol (0.2 g, 1.75mmol) were dissolved in dimethylfoimamide (10 ml) and 
purged with nitrogen for 10 minutes. The solution was cooled to O^C then 
triethylamine (0.244 ml, 1.75nmiol) was added drop- wise over 1 minute. The 

20 mixture was stirred at O^C for 30 minutes then at ambient temperature for 16 hours. 
The solvent was removed in vacuo, and the residue purified by chromatography over 
gel silica using methanol : dichloromethane 1:100 as eluent Appropriate flections 
were combined and the solvents removed in vacuo to leave 3-Cyclohexyl-2/?-(furan- 
2-yhnethylsulfanyl)-propionic acid (16) as a Ught brown oil (86mg, 18%). Analytical 

25 HPLC peak Rt = 18.68mins. TLC (single spot, Rf = 0.45, 10% methanol in 
dichloromethane), HPLC-MS (single main peak with Rt = 9.43mins, 291.1 [M + 

mt). 

sH (CDCI3 at 298K); 0.67-0.88 (2H, CH2(cyclohexane), m), 0.98-1.76 (IIH, 
30 CH(cyclohexane), CH^Ccyclohexane), m), 3.20-3.32 (IIJ, SCHCO, t, /= 7.8 Hz), 
3.69-3.79 (IH, CH^iS, d, 14.7 Hz), 3.85-3.95 (IH, ClfcS, d, /= 14.7 Hz), 6.14 / 
6.28 (2H, farm H-3 and H-4, d), 7.30 (IH, firan H-5, s). 
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gC (CDCI3 at 298K); 26.26/26.45/26.58/26.77/26.89, 28.66, 33.11 and 33.34 (each d, 
cyclohexane CH2 and SCHCH2), 35.52 (u, CHCH2CHS), 38.49 (d, SCH2), 43.84 (u, 
SCH), 108.64 (u, fiiran C-3), 110.78 (u, fiiran C-4), 142.65(u, furan C-5), 150.02 
(q,foranC-2), 177.63 (q, CO). 

5 

EXAMPLE 4 (25, 35) 3-Cyclohexyl-2-(furan-2.ylmethylsulfanyl)-i^^^^ 
oxo-tetrahydroflu:an-3-yl)-propionanude 




10 

HPLC Rt = 19,74 mins (> 80 %), HPLC-MS 366.1 [M + H]"", 753.2 [M + Na]^ 

The required ether carboxylic acid building block 3-CycIohexyl"25-(furan-2- 
yhnethylsulfanyI)-propiomc acid (inverted isomer of compound (16), Scheme 4) was 
1 5 prepared as follows: 

(l)Preparation of (ii)-a-bromocyclohexanepropionic add 

A solution of sodium nitrite (0.45g, 6.5mmol) in water (1.2ml) was added dropwise 
20 at 0°C over 4 hours to a stirred naixture of (J?)-a*aniinocyclohexanepropionic acid 
(Ig, 5.8mmol), potassium bromide (2.3g, 19.2mmol) and concentrated sulphuric add 
(0.66ml) in water (7ml). The mixture was stirred for 5hours at 0°C then at ambient 
temperature for 16hours. The product was extracted into diethyl ether (4 x 20ml) 
then the combined ethereal layers were washed with saturated aqueous sodixun 
25 chloride solution (2 x 5Qml), dried (MgS04) and flie solvent removed in vacuo. The 
residue was purified by chromatography over silica gel eluting with a gradient of 
methanol : dichloromethane 1:50 -> 1:20. Appropriate fi-actions were combined and 
the solvents removed in vacuo to give (i2)-a-bromocyclohexanepropionic acid as a 
pale yeUow oil 0.374 g, (27%). TLC (single spot, Rf = 0.45, 10% methanol in 



wo 02/057248 



PCT/GB02/00188 



-63- 



dichloromethane), HPLC-MS (single main peak with Rt = 8.88nuns, 234.1 / 236.1 
[M + Hl^ 257.2 / 259.2 \M + Na]"). 

5h (400MHz, CDCI3 at 298K), 0.83-1.88 (IIH, CH(cyclohexane), CH2 
5 (cyclohexane), m), 1 .89-2.05 (2Hp, m), 4.32-4.44 (IHa, m). 

(2)Preparation of 3-Cycloliexyl-25-(fiiran-2-ylmethylsulfanyl)-propionic acid 
(inverted isomer of compound (16), Schone 4) 

10 (iJ)-a-bromocyclohexanepropionic (0.37g, 1.58mmol) and furan-2-yl mefhanethiol 
(0.1 8g, 1.58nmiol) were dissolved in dimefhylformamide (lOml) and purged with 
nitrogen for lOminutes. The solution was cooled to 0*^C then triethylamine (0.22ml, 
1.58nimol) was added drop-wise over 1 minute. The mixture was stirred at O^C for 
30minutes then at ambient temperature for 16hours. The solvent was removed in 

15 vacm, and the residue purified by chromatography over gel siUca using methanol : 
dichloromethane 1:100 as eluent. Appropriate fractions were combined and the 
solvents removed in vacuo to give 3-Cyclohexyl-2iS'-(fi3ran-2-ylmefliylsulfanyl)- 
propionic acid as a light brown oil, yield 142mg, (33%). Analytical HPLC peak Rt = 
18.68mins. TLC (single spot, Rf = 0.45, 10% methanol in dichloromethane), HPLC- 
20 MS (single main peak with Rt = 9.53mins, 291 .0 [M + Na]"^. 

5h (400MHz, CDCI3 at 298K), 0.68-0.89 (2H, CH2(cyclohexane), m), 0.97-1.77 
(UH, CH(cyclohexane), CH2(cyclohexane), m), 3.21-3.32 (IHgt, t, 7.8 Hz), 3.69- 
3.79 (IH, CH2S, d, 14.8 Hz), 3.84-3.94 (IH, ClfcS, d, 14.8 Hz), 6.15 / 6.28 
25 (2H, furan H-3 and H-4), 7.30 (IH, foran H-5, s). 

EXAMPLE 5. (2S, 35) 3-Cyclohexyl-2-(fiiran-2-yhnethanesulfonyl)-iV'-(2-methyl-4- 
oxo-tetrahydrofuran-3-yl)-propionarnide 
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HPLC Rt = 17.60 mins (> 80 %), HPLC-MS 398.1 [M + H]^ 817.1 [M + Naf . 

The intennediate loaded thioether (1.2fimole gear) of EXAMPLE 3 was oxidised 
5 (Schmie 8) with m-chloropeibenzoic add (5eq, 65% reagent, L6mg) in 
dichloromethane (200nL) for 5hrs, followed by standard washing and then cleaved to 
provide EXAMPLE 5. 

EXAMPLE 6. (25, 35) 3-Oyclohexyl-2-(furan-2-yhnethanesulfonyl>i^^^^ 
1 0 oxo-tetrahydrofuran-3-yl)-propionamide 




HPLC Rt = 17.62 mins (> 95 %), HPLC-MS 398.1 [M + Hf , 817.1 [M + Naf . 

The intennediate loaded thioether (1.2|xmole gear) of EXAMPLE 4 was oxidised 
15 (Scheme 8) with m-chloroperbenzoic acid (5eq, 65% reagent, 1.6mg) in 
dichloromethane (200nL) for 5hrs, followed by standard washing and then cleaved to 
provide EXAMPLE 6. 

EXAMPLE 7. (25, 35) 2-(4-ferr"Butyl-phenyhnethanesulfonyl)-4-methyl-pentanoic 
20 acid (2-methyl-4-oxo-tetrahydrofuran-3-yl)-amide 
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HPLC Rt = 21.14 mins (> 95 %\ HPLC-MS 424.2 [M + H]^ 869.4 [2M + Naf . 

The required carboxylic acid building block 2R-(4-rer^-Butyl-benzylsulfanyl)-4- 
methyl-pentanoic add (analogue of compound (16), Scheme 4) was prepared from 
5 (5)-2-bromo-4-methylpentanoic acid as follows: 

(1) Preparation of (iS)-2-bromo-4-mefliylpentanoic add 

A solution of sodixrai nitrite (5.1 g, 73mmol) in water (15 ml) was added drop-wise at 
10 0°C over 5 hours to a stirred mixture of L-leudne (8.75 g, 67nmiol), potassium 
bromide (29.75 g, 0.25mol) and concentrated sulphuric add (8.6 ml) in water (100 
ml). The mixture was stirred for 30 minutes at 0°C then at ambient temperature for 
20 hours. The product was extracted into diefliyl ether (2 x 150 ml) then the 
combined ethereal layers were washed with saturated aqueous sodium chloride 
15 solution (2 X 100 ml), dried (MgS04) and the solvent removed in vacuo. The residue 
was purified by flash chromatography over silica gel eluting with a gmdient of 
methanol : dichloromefhane 1:50 1:20. Appropriate fractions were combined and 
the solvents removed in vacuo to leave (5)-2-bromo-4-methylpentanoic acid as a 
colourless oil (2.22 g, 17%). TLC (single spot, Rf = 0.2, methanol : dichloromeihane 
20 1:20). 

sH (CDCI3 at 298K); 0.95 and 0.99 (both 3H, CH3CH, d, 6.55Hz), 1.77-1.89 (IH, 
CH3CH, m), 1.93 (2H, OHjCH, m), 4.31 (IH, CHBr, t, / = 7.7Hz), 9.3 (IH, CQOi 
brs). 

25 Additional (iS)-2-bromo-4-methylpentanoic add was obtained (6.55g), however other 
components were observed by TLC analysis (methanol : dichloromethane 1 :20). 

(2)Preparation of 2/?-(4-fert-butylben2ylsulfanyl)-4-methylpentanoic add 

30 A solution of (5)-2-bromo-4-methylpentanoic acid (LI g, 5.6mmol) and [4-(reft- 
butyl)phenyl]mefhanethiol (1.0 g, 5.6mmol) in dimethylformamide (15 ml) was 
purged with nitrogen for 5 minutes then cooled to O^C. Triethylamine (0.79 ml, 
5.7mmol) was added drop-wise over 1 minute then the mixture was stirred for two 
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days at ambient temperature. The solvents were removed in vacuo and residue 
purified by flash chromatography over silica gel eluting with a gradient of methanol : 
dichloromefhane 0:1 -> 1:20. Appropriate fractions were combined and the solvents 
removed in vacuo to leave a residue which was purified by flash chromatography 
5 over silica gel eluting with ethyl acetate : heptane 2:5. Appropriate fiiactions were 
combined and the solvents removed in vacuo to leave 27?-(4-^gr/- 
butylben2ylsuIfanyI)-4-methylpentanoic acid as a colourless oil (200 mg, 12%). TLC 
(single spot, Rf = 0.2, heptane : ethyl acetate 5:2), analytical HPLC with main peak 
Rt - 22.117mins, HPLC-MS (main UV peak with Rt = 11.072mins, 317.2 [M + 
10 Na]^. 



sH (CDCI3 at 298K); 0.70 and 0.85 (both 3H, CH3CH, d, / = 6.3), L29 (9H, 
(CH3)3C, s), 1.44-1.51 (IH, CHaCa m), 1.62-1,75 (2H, CH2CH, m), 3.15-3.20 (IH, 
SCH, m), 3.81 and 3.88 (both IH, SCH2, d, J= 13.2Hz), 7.25-7.35 (4H, aromatic). 

15 

The intemiediate loaded thioether (1.2fimole gear) was oxidised (Scheme 8) with m- 
chloroperbenzoic acid (5eq, 65% reagent, 1.6mg) in dichloromethane (200|iL) for 
5hrs, followed by standard washing and then cleaved to provide EXAMPLE 7. 

20 EXAMPLE 8. (2S, 35) Moipholine-4-carboxyUc acid 2-cyclohexyl-l-(2-methyl-4- 
oxo-tetrahydro-fiiran-3-ylcari)amoyl)-ethyl ester 




HPLC-MS 383.4 [M + H]"*. 

25 The required carboxylic acid building block Morpholine-4-carboxjrlic acid 1- 
carboxy-2-cyclohexyl-ethyl ester (compound (19), Scheme 5) was prepared as 
follows: 
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(1) Preparation of 3-cycloliexyl-2iS-hydroxypropionic acid metliyl ester. (Compound 
(18), Scheme 5) 

Trimethylsilyl chloride (1.78nil, M.Qmmol) was added dropwise to a stirred solution 
5 of 3-cyclohexyl-2S'-hydroxypropiomc acid (compound (11) 1.3 Ig, 7.6mmol) in 
methanol (35ml). The mixture was stirred at room temperature for 20hours then the 
solvents were removed in vacuo to leave a pale yellow oil (1 .38g). The cmde oil was 
purified by chromatography over sihca gel eluting with a gradient of n-heptane : 
ethyl acetate (4:1) Appropriate firactions were combined and the solvents removed in 
10 vacuo to give 3-cyclohexyl-2*S'-hydroxypropionic acid methyl ester as a colourless 
oil, yield L26 g, (89%). HPLC-MS (single main peak with Rt = 7.43mins, 187.14 \M 
+ Hf, 395.2 pM + Na]"). 

5h (400MHz, CDCI3 at 298K), 0.84-1.04 (2H, CH2(cyclohexane), m), 1.09-1.36 (3H, 
15 CH2(cyclohexane), CH (cyclohexane), m), 1.45-1.77 (7H, CH2(cyclohexane), 
ai(cyclohexane), m), 1.80-1.90 (IHp, m), 2.72 (IH, OH, d, 5.99 Hz), 3.80 (3H, 
CH3O, s), 4.20-4.31 (IHa, m). 

(2) Preparation of Morpholine-4-carboxylic add l-carboxy-2-cyclohexylefhyl ester 
20 (Compound (18), Scheme 5) 

A solution of phosgene (33.6ml, 20% in toluene) was added to 3-cyclohexyl-2)S'- 
hydroxypropionic acid methyl ester (compound (11), 0.7 g, 4.03mmol) followed by 6 
drops of dimethylformamide. The mixture was stirred at ambient temperature for 

25 16hours then the solvents removed in vacuo. The residue was azeotroped with 
toluene (3 x 20ral), and dissolved in anhydrous dichloromefhane (11ml). The 
solution was cooled to 0°C then morpholine (0.86g, 9.85mmol) added. The mixture 
was stirred for 2 hours then partitioned between dichloromethane (30ml) and 0.5M 
hydrochloric acid (30ml). The dichloromethane layer was washed with saturated 

30 aqueous sodium hydrogen carbonate solution (30ml), saturated aqueous sodium 
chloride solution (30ml), dried (Na2S04) and the solvent removed in vacuo. The 
residue was purified by chromatography over silica gel eluting with ethyl acetate : 
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heptane 1:1. Appropriate fractions were combined and flie solvents removed in vacuo 
to leave morpholme-4-carboxylic add 25-070101x6X5^1-1 -methoxycarbonyletiiyl ester 
(0.13g, 10%) as an oil. A solution of lithium hydroxide monohydrate (17.5mg, 
0.418mmol) in water (0.76ml) was added to an iced-water chilled solution of 
5 morpholine-4-carboxylic acid 2-cyclohexyH-methoxycarbonylethyl ester (llOmg, 
0.367mmol) in dioxane (L5ml). The mixture was stirred at ambient temperature for 
Ihour then diluted with water (10ml), The aqueous layer was extracted with diethyl 
ether (2 x lOml) which was discarded, then acidified to pH = 2 with 6M hydrochloric 
acid. The product was extracted into diethyl ether (2 x 10ml), then the combined 

10 ethereal layers washed with saturated aqueous sodium chloride (10ml), dried 
(MgS04) and the solvent removed in vacuo to give morpholine-4-caiboxylic acid 1- 
carboxy-2-cyclohexylethyl ester as a white solid, yield 0.1 Ig, (100% from ester). 
TLC (single spot, Rf = 0.20, methanol : dichloromethane 1:9), HPLC-MS (single 
main peak wifli Rt = 7.614niins, 286.2 [M + H]^ 287.2 [M + 2Hf , 593.3 [2M + 

15 Na]^. 

5h (400MHz, CDCI3 at 298K), 0.75-1.00 (2H, qH2(cyclohexane), m), 1.02-1.28 (4H, 
CH2(cyclohexane),m), 1.33-L46 (IH, CH(cyclohexane), m), 1.50-1.79 (6H, 
CH2(cyclohexane), m), 3.28-3.73 (8H, CH2OCH2 and CH2NCH2 ,m), 4.92-5.02 
20 (IHa, m), 5.99 (IH, OH, brs). 

EXAMPLE 9. (2S, 35) 2-Cyclohexyhnethyl-iV^(2-methyl-4-oxo-tetrahydrofuran-3- 
yl)-4-morphoUn-4-yl-4-oxo-butyramide 




25 HPLC-MS 381.4 [M + H]"". 
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The required carboxylic acid building 2/?-cyclohexylmefhyl-4-morpholm-4-yl-4-oxo- 
butyric acid (compound (22), Scheme 6) was prepared as follows: 

(1) Preparation of 272-cyclohexyhnethyM-morpholin-4-yl-4-oxo-butyric acid methyl 
5 ester. 

l-(3-dimethylaminopropyl)-3-ethylcarbodiimide.HCl (L12g, 5.69mmol) then 1- 
hydroxybenzotriazole monohydrate (0.87g, 5.69ramol) were added to a stirred 
solution of 2ii-(cyclohexyhnethyl)succimc acid 1 -methyl ester (compound (21),1.0g, 

10 4.38nmiol) in dimethylfonnamide (10ml) at 0*^C under argon. The mixture was 
stirred for 25minutes then morpholine (0.7 ml, 8.76nmiol) was added drop-wise over 
Iminute and stirring continued at ambient traiperature for 16hours. The product was 
extracted into ethyl acetate (20Qml) then washed with l.OM hydrochloric acid (3 x 
100ml), saturated aqueous sodium hydrogen carbonate solution (3 x 100ml), water 

15 (100ml), then saturated aqueous sodium chloride solution (100ml), dried (MgS04), 
and the solvent removed in vacuo to give 2i?-cyclohexykQethyl-4-morpholin-4-yl-4- 
oxo-butyric acid methyl ester as an ofF-white solid, yield L22g, (94%). HPLC-MS 
(single peak with Rt = 7.91mins, 298.1 [M + H]^ 617.3 [2M + Na]"^. 

20 (2)Preparation of 2/J-cyclohexylmethyl-4-morpholin-4-yl-4-oxo-butyric acid 
(Compound (22), Scheme 6). 

A solution of lithium hydroxide monohydrate (0.5 Ig, 12.18mmol) in water (27ml) 
was added a stirred solution of 2if-cyclohexyhnethyl-4-morpholin-4-yl-4-oxo-butyric 

25 acid methyl ester (1.21g„ 4.06mmol) in tetrahydro&ran (55ml) and methanol (27ml) 
at 0°C. The mixture was stirred at ambient temperature for 1 hours then diluted with 
water (100ml). The aqueous layer was extracted with diethyl ether (2 x 50ml) which 
was discarded, then acidified to pH = 1-2 with IM hydrochloric acid. The product 
was extracted into dichloromethane (3 x 50ml), then the combined ethereal layers 

30 washed with water (2 x 50ml), saturated aqueous sodium chloride solution (2 x 
50ml), dried (MgS04) and the solvent removed in vacuo to leave a residue. The 
residue was purified by chromatography over silica gel eluting with a gradient of 
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melhanol : dichloromethane 1:100 ^ 3:100. Appropriate fractions were combined 
and flie solvents removed in vacuo was to give 27?-cyclohexylmefhyl-4-morpholin-4- 
yl-4-oxo-butyric acid (22) as a white solid, yield 0.82 g, (71%). HPLC-MS (single 
peak with Rt = 6.769nuns, 284.2 [M + H]"", 589.2 [2M + Na]"^. 

5 

5h (400MHz, CDCI3 at 298K),0.77-0.90 (2H, CH2(cyclohexane), m), 1.05-1.40 (4H, 
CH2(cyclohexane),m), 1.50-1.90 (7H, CH(cyclohexane), CH2(cyclohexane), m), 
2.30-2.44 (2HP, m), 2.64-2.77 (IHa, m), 2.96-3.10 (IH, OH, brs), 3.40-3.78 (8H, 
ClfcOCIfc and ClfcNCH^ ,m). 

10 

EXAMPLE 10. (25, 3S) 2-Biphenyl-3-yl-4-metiiyl-pentanoic acid (2-metihLyl-4-oxo- 
tetrahydrofbran-3-yl)-amide 




15 HPLC Rt = 20.60 mins (> 95 %), HPLC-MS 366.1 [M + H]"", 753.2 [2M + Naf . 

The required carboxylic add building block 2/2iy-Biphenyl-3-yl-4-methylpentanoic 
add (compound (25), Scheme 7) was prepared as follows 

20 (l)Preparation of Bipheoyl-3-yl-acetic add methyl ester (Compound (24), Scheme 7) 

Concentrated sulphuric acid (588^L) was added to a solution of 3-bromophenyl 
acetic add (lOg, 46.5nmiol) in methanol (lOOmL). The mixture was refluxed for 
L5h and then cooled to ambient temperature and evaporated under reduced pressure 
25 to afford a residue. The residue was redissolved in diethyl ether (500mL), washed 
with water (2 x lOOmL), brine (lOOmL), dried (MgS04) and then evaporated under 
reduced pressure to afford 3-bromophenyl acetic acid methyl ester (10.65g). The 3- 
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bromophenyl acetic add methyl ester was dissolved in toluene (1 17mL) then phenyl 
boronic acid (6.8g, 55.69mmol) added, followed by a aqueous solution of sodium 
carbonate (93mL, 2M) and tetrakis(triphenylphosphine)palladium (L6g, 1.41mmol). 
The mixture was stirred overnight then cooled to ambient temperature and an 
5 aqueous solution of saturated ammonium chloride (lOOmL) added. The mixture was 
extracted with ethyl acetate (2 x 200mL), died (Na2S04) and evaporated under 
reduced pressure to afford a residue. Flash chromatography of the residue over silica 
(200g) using ethyl acetate : heptane (3 : 48) as the eluent gave biphenyl-3-yl acetic 
acid me%l ester, yield 10.5g, (99 %), TLC (single UV spot, Ri= 0.24, 10% ethyl 
10 - acetate in heptane), analytical HPLC Rt = 19.55 min, HPLC-MS (single main UV 
peak with Rt = 9 J5 min, 227. 1 [M + H]"). 

5h (400MHz, CDCI3 at 298K) 3.76 (2H, s, CH2CO2CR3I 3.77 (3H, s, OCifa), 7.34- 
7.66 (9H, m, biphenyl-3-yl). 

15 

(2)Preparation of Biphenyl-3-yl-acetic acid 

Water (39mL), followed by lithium hydroxide monohydrate (4.2g, lOLSimnol) were 
added to a solution of biphenyl-3-yl acetic add methyl ester (1 1.43g, 50.57mmol) in 

20 methanol (265mL). The mixture was stirred at ambient temperature for 2h then the 
organics were removed imder reduced pressure. The mixture was acidified with 
dilute hydrochloric acid (IM, 80mL), extracted with chloroform (2 x lOOmL), dried 
(MgS04) and evaporated under reduced pressure to afford biphenyl-3-yl acetic acid 
as a white solid, yield 10.6g, (99%), analytical HPLC Rt = 16.565 min, HPLC-MS 

25 (singlemainUVpeakwithi?t = 7.91min, 213.1 [M + H]^. 

8h (400MHz, CDCI3 at 298K) 3.77 (2H, s, CifiCOaCHa), 7.28-7.52 (9H, m, 
biphenyl-3-yl). 



30 



(3)Preparation of 2i&S'-Biplienyl-3-yl-4-methylpent-4-enoic acid 
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A solution of biphenyl-3-yl acetic add (7.0g, 33mmol) in anhydrous tetrahydrofuran 
(84mL) was added dropwise to a solution of lithium diisopropyl amide (36.4mL, 2M 
solution in hexanes) in anhyd3X)us tetrahydrofuran (84niL) at -78 °C. The mixture 
was allowed to warm to 0 and stirred for 40 min. The mixture was then cooled to 
5 -78 °C and 3-bromo-2-methylpropene (4.97mL) rapidly added. The mixture was 
stirred for 1 h at -78 ^^C then water (28mL) added and the organics removed under 
reduced pressure. The mixture was then acidified with hydrochloric acid (6M, 14ml), 
extracted with ethyl acetate (3 x 100 ml), dried 0MgSO4) and evaporated under 
reduced pressure to afford a residue. Flash chromatography of the residue ov^ silica 

10 (400g) using methanol : dichloromethane (3 : 97) as the eluent aflForded impure 2- 
biphenyl-3-yM-methylpent-4-OToic acid (8.3 g). Flash chromatography over silica 
(400g) using methanol : dichloromethane (1.5 : 98.5) afforded pure 2-biphenyl-3-yl- 
4-mefhylpent-4-enoic acid, yield 5.27g, (60 %), TLC (smgle UV spot, i?f = 0.28, 5 % 
methanol in dichloromethane), analytical HPLC Rt = 19.99 min, HPLC-MS (single 

15 main XJV peak with Rt = 9.57 min, 267.1 [M + H]"^. 

5h (400MHz, CDCI3 at 298K), 1.765 (3H, s, CH3), 2.53 (IH, dd, /= 6.6 and 14.7 Hz, 
3-Hi), 2.91 (IH, dd, y = 8.9 and 14.7 Hz, 3-Hi), 3.92 (IH, dd, J= 6.6 and 8.9 Hz, 2- 
H), 4.79 (2H, d, y= 10.7 Hz, 5-H2), 7.30-7.62 (9H, m, biphenyl-3-yl). 

20 

(4)Preparation of 2i?5-Biphenyl-3-yM-methylpentanoic acid (Compound (25), 
Scheme 7) 

Palladium on carbon (10%, 300mg) was added portionwise to a solution of 2RS- 
25 biphenyl-3-yl-4-methylpent-4-enoic acid (Ig, 3.76mmol) in ethanol (40mL) at 0 °C. 
A hydrogen atmosphere was then introduced and the mixture allowed to warm to 
ambient temperature. The mixture was stirred for 18h, then the hydrogen atmosphere 
removed and the n^xture filtered over Celite and the catalyst washed with ethanol 
(40mL). The combined organic filtrate was concentrated under reduced pressure to 
30 afford a residue, which was flash chromatographed over siUca (1 50g) using methanol 
: dichloromethane (1 : 99) as the elueat to afford 2/&S'-biphenyl-3-yl-4- 
methylpentanoic acid, (25) yield 980mg, (98%), TLC (single UV spot, Rf= 0.45, 5 % 
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methanol in dichloromethane), analytical HPLC Rt = 20.92 min, HPLC-MS (single 
mainUVpeakwith/?t= 10.15 min, 269.1 [M + H]^ 291.1 [M+Na]"^. 

5h (400MHz, CDCI3 at 298K), 0.93 (6H, d, /= 6.6 Hz, 2 x CH3X 1.52-1.57 (IH, m, 
5 4-Hi), 1.71-1.76 (IH, m, 3-Hi), 1.97-2.05 (IH, m, 3-Hi), 3.66 (IH, t, /= 7.8 Hz, 2- 
HiX 7.32-7.60 (9H, m, biphenyl-3-yl). 

EXAMPLE 11 . (2R, 3S) 2-Benzyloxy-iV-(2-niethyl-4-oxo-tetrahydrofuran-3-yl)-3- 
phenyl-propionamide 



HPLC Rt = 18.35 mins (> 90 %), HPLC-MS 354.2 [M + H]***, 729.3 [2M + Na]^. 

15 Following the general details from Scheme 1, the required bicycle building block 
(2R, 35) (2-methyl-4-oxo-tetrahydroforan-3-yl)-carbamic add 9H-fluoren-9- 
yhnethyl ester (6b) was prepared as follows: 

(1) Preparation of (IS, VR) [3-diazo-l-(l-^e^^butoxyethyl)-2-oxo-propyl]carbamic 
20 acid 9H-fluoren-9-yImethyI ester. 




^HFmoc 




A solution of iso-hutyl chloroformate (1.05 g, 7.7 mmol) in dichloromethane (14 ml) 
and a solution of 4-methyhnorpholine (1.42 g, 14 mmol) in dichloromethane (14 ml) 
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were simultaneously added to a stirred suspension of FmooO-(^erf-butyl ellier)-L- 
threonine (2.78g, 7rQmol) in dichloromethane (70 ml) at -15 over 10 minutes 
under an atmosphere of nitrogen. Ethereal diazomethane [generated from diazald 
(7.14 g, -21mmol) addition in diethyl ether (115 ml) to sodium hydroxide (8.022 g) 
5 in water (1 1 ml)/ethanol (3 1 ml) at 60°C] was then cautiously added and the resulting 
yellow solution was stirred at room temperature for 90 minutes. Acetic acid (--S ml) 
was cautiously added (until effervescence had ceased) then the mixture was diluted 
with tert-hutyl methyl ether (70 ml). The ethereal layer was washed with water (3 x 
70 ml), dried (Na2S04) and the solvent removed in vacuo to leave (1»S, 1 'R) [3-diazo- 
10 l-(l-/er/-butoxyethyl)-2-oxo-propyl]carbamic acid 9H-fIuoren-9-ylmethyl ester as a 
yellow solid (4.28 g) which was used without further purification. 

(2) Cyclisation to (2/?, 35) (2-methyl-4-oxo-tetrahydrofuran-3-yl)-caibamic acid 9H' 
fluoren-9-ylmethyl ester. 




A solution of lithium chloride (2.97 g, 70mmol) in 80% acetic add in water (105 ml) 
was added to (liS, VR) [3-diazo-l-(l-ter/-butoxyethyl)-2-oxo-propyl]carbamic acid 
9H-fluorea-9-ylmethyl ester (4.28 g, -7rQmol). The yellow oily suspension was 
stirred for 2 hours whereupon a pale yellow solution formed accompanied by the 
20 evolution of a gas. The solvents were removed in vacuo then the residue was 
dissolved in ethyl acetate (42 ml), washed with 10% aqueous sodium carbonate 
solution (2 x 42 ml) and saturated aqueous sodium chloride solution (42 ml). The 
combined aqueous layers were extracted with ethyl acetate (2 x 42 ml) then the 
combined ethyl acetate layers were dried (Na2S04) and the solvents removed in 
25 vacuo to leave a yellow gum (3.44 g). Hie yellow gum was purified by 
chromatography over silica gel eluting with a gradient of n-heptane : ethyl acetate 
9:1 -> 7:3. Appropriate jSractions were combined and the solvents removed in vacuo 
to leave (2/?, 3S) (2-methyl-4-oxo-tetrahydrofuran-3-yl)-carbamic add 9/r-fluoren- 
9-ybnethyl ester as a white crystalline solid (2.92 g, 62% firom starting acid), TLC 
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(single UV spot, Rf = 0.27, n-heptane : ethyl acetate 2:1), analytical HPLC peak Rt = 
17.96inins, HPLC-MS (single UV peak with Rt = 8.48inins, 360.0 [M + Naf , 361.0 
[M + H + Na]"). 

5 sH (CDCI3 at 298K); 1.37-1.60 (3H, CH3CHO, brs), 3.68-3.86 (IH, CH3CHO m), 
3.89-4.09 (2H, Fmoc CH2, m), 4.16-4.34 (2H, Fmoc H-9 and NHCHCO, m), 4.36- 
4.57 (2H, OCH2CO, dd), 5.05-5.25 (IH, NH, brs), 7.28-7.47 (4H, ArH, Fmoc H-2 
and H-7, ArH, Fmoc H-3 and H-6), 7.50-7.66 (2H, ArH, Fmoc H-1 and H-8), 7.73- 
7.85 (2H, ArH, Fmoc H-4 and H-5). 
10 5C (CDCI3 at 298K); 18.61 (u, CH3CHO), 46.69 (u, Fmoc C-9), 62.26 (u, 
NHCHCO), 66.82 (d, Fmoc CH2), 70.38 (d, COCH2), 76.93 (u, CH3CHO), 119.60 
(u, Fmoc C-4 and C-5), 124.55 (u, Fmoc C-1 and C-8), 126.69 (n, Fmoc C-2 and C- 
7), 127.37 (u, Fmoc C-3 and C-6), 140.92 (q, Fmoc C-4' and C-5'), 143.15/143.20 
(q, Fmoc C-l' and C-80, 155.61 (q, OCON), 211.38 (q, COCH2). 

15 

Following the general details from Scheme 2, the required bicycle building (2R, 3S) 
(2-methyl-4-oxo-tetrahydrofuran-3-yl)-carbamic add 9H-fluorai-9-ylmethyl ester 
(6b) was converted to building block-linker construct (8b) as follows: 

20 (2^, 3S) (2-mefhyM-oxo-tetrahydrofuran-3-yl)-carbamic acid 9H-fluoren-9- 
ylmethyl ester (6b) (354mg, l.OSmmol, 1 eq) was dissolved in a mixture of ethanol 
(9.6 mL) and water (1.4 inL) containing sodium acetate.trihydrate (218mg, 1.6 
mmol, 1.5 eq). 4-[[(hydrazinocarbonyl)amino] methyljcyclbhexanecarboxylic acid, 
trifluoroacetate (346mg, 1.05mmol, 1 eq. Murphy, A. M. et al, J. Anu Chenu Soc.y 

25 IH, 3156-3157, 1992) was added and the mixture refluxed for 2hr. Chloroform 
(lOOmL) was added and the organics washed with dilute aqueous hydrochloric acid 
(0.1 M, 1 X 100 mL). The acidic layer was backwashed with chloroform (3 x lOOmL) 
and the combined organics washed with brine (100 mL), dried (Na2S04) and 
evaporated under reduced pressure to afford linker construct (8b) as a white solid 

30 (660mg). Analytical HPLC indicated one main peak at Rt = 17.01 1 min, HPLC-MS 
(main UV peak with Rt = 7.96 min, 535.3 [M + H]"^. Crude (8b) was used directly for 
construct loading. 
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Following the geaeral details from Scheme 2, the required building block-linker 
construct (8b) was attached to the solid phase providing loaded building block-linker 
constract (9b) as follows: 

5 Building block-linker construct (8b) (l.Ommole), 2-(lH-benzotriazole-l-yl)-l, 1,3,3- 
tetramethyluroniumhexafluoro phosphate (HBTU, 379mg, l.Ommole), 1- 
hydroxybenzotriazole.hydrate and (HOBT, 153mg, l.Ommole) were dissolved in 
dimethylformamide (5mL) and N-methyhnoipholine (NMM, 220fxL, 2.0mmole) 
added. After pre-activation for 5 minutes, free amine gears (250 x 1.2jmiole) were 
10 added, followed by dimethylfoimamide (30mL) and left overnight The spent 
coupling solution was then added to free amine crowns (25 x lO^miole) and left 
overnight Standard washmg and analyses indicated loading at >95%. 

2/?iS-b«izyloxy-3-phenylpropionic add was coupled under standard conditions to 
15 loaded buildmg block-linker construct (9b) (following standard removal of Fmoc), 
then cleaved to provide EXAMPLE 1 1 . The crude example was analysed (see 
general techniques). HPLC Rt - 18.35 mins (> 90 %), HPLC-MS 354.2 [M + H]^ 
729.3 [2M + Naf. 

20 The following examples (12 - 23) were prepared as detailed for EXAMPLE 11, 
coupling with the required reagents to provide the ftiU length molecule. 

EXAMPLE 12 . {2R, 35) 4-Methyl-2-(4-trifluoromethylbenzyloxy)-pentanoic add 
(2-methyl-4-oxo-tetrahydrofuran-3-yl)-amide 

25 




HPLC Rt = 20.83 mins (> 90 %), HPLC-MS 388.2 [M + H]^ 797.3 [2M + Naf . 
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The required carboxylic acid building block 2/?S'-4-Metiiyl-2-(4-triflubromethyl- 
bQi2yloxy)-peiitanoic acid was prepared as follows 

5 (1) Preparation of 2/?»S-4-Met]iyl-2-(4-1xifluoromethyl-benzyloxy)-pentanoic add 

Sodium hydride (333 mg of 60% dispersion in oil, 83mmol) was added in two 
portions to a stirred mixture of (5)-2-liydroxy-4-methylpentanoic add (0.5 g, 
3.8nmiol), dimethylfotmamide (5 ml) and dichloromefhane (5 ml) at 0°C over 5 
10 minutes. The mixture was stirred at 0°C for 5 minutes then at ambient temperature 
for 45 minutes. 4«(Trifluoromethyl)benzyl bromide (0.73 ml, 4.7mmol) was added 
then the mixture stirred for 5 hours before adding potassium iodide (50 mg, 
0.3mmol) and dimethylformamide (5 ml). The mixture was stirred for 20 hours then 
heated at 55^C for 1 hour then allowed to cool to ambient temperature and poured 
15 into water (15 ml). A saturated aqueous sodium chloride (5 ml) was added then the 
mixture was extracted with dichloromethane (5 ml then 10 ml) that was discarded. 
The aqueous layer was acidified using IM hydrochloric acid (10 ml) then extracted 
with dichloromethane (2 x 10 ml). The dichloromethane layer was dried (MgS04) 
and the solvent removed in vacuo. The residue (0.52 g) was dissolved in 
20 dimethylformanaide (5 ml) then cooled to 0**C before adding sodium hydride (160 mg 
of 60% dispersion in oil, 4mmol). The mixture was stirred for 30 minutes then 
polymer bound isocyanate (320 mg, 2mmol Ng'^) added. The mixture was stirred for 
2 hours at ambient temperature then poured into water (15 ml). IM Hydrochloric 
acid (10 ml) was added then the product was extracted into didiloromethane (2x10 
25 ml), dried (Na2S04) and the solvent removed in vacuo. The residue was purified by 
flash chromatography over silica gel eluting with a gradient of methanol : 
dichloromethane 0:1 -> 1:20, Appropriate fractions were combined and the solvents 
removed in vacuo to leave 2i?5-4-Methyl-2-(4-trifluoromefhylbenzyloxy)-pentanoic 
acid, yield 121 mg (11%) as a colourless oil. HPLC-MS (single peak with Rt = 
30 9.66mins, 291.1 [M + Hf, 313.1 [M + Na]"). 
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EXAMPLE 13. (2R, 35) 3-Cyclohexyl-2-(furan-2-ylmethylsiilM 
oxo-tetrahydrofuran-3 -yl)-propionaimde 



5 HPLC Rt « 19.73 mins (> 80 %), HPLC-MS 366.1 [M + Hf , 753.2 [M + Naf . 

Prepared as detailed for EXAMPLE 3, but using loaded building block-linker 
construct (9b) 

10 EXAMPLE 14. 35) 3-Cyclohexyl.2<ftiran-2-ylmethylsulfanyl)-J^^^^ 
oxo-tetrah.ydrofuran-3-yl)-propionaniide 



HPLC Rt = 19.73 mins (> 80 %), HPLC-MS 366.1 [M + H\\ 753.2 [M + Na]^ 

15 Prepared as detailed for EXAMPLE 4, but using loaded building block-linker 
construct (9b) 

EXAMPLE 15. (2R, 3S) 2-(4-/e;t-ButyI-benzylsulfanyl)-4-methyl-pentanoic acid (2- 
methyl-4-oxo-tetrahydro-furan-3-yl)-aniide 
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HPLC Rt = 23.21 mins (> 95 %), HPLC-MS 392.2 [M + H]^ 805.4 [2M + Naf . 

The required carboxylic acid building block 25-(4-rerNButyl-benzylsulfanyl)-4- 
5 methyl-pentanoic acid (analogue of compound (16), Scheme 4) was prepared from 
(i?)-2-bromo-4-methylpentanoic acid as follows: 

(1) Preparation of 2i?-Bromo-4-methylpentanoic add 

10 A solution of sodium nitrite (5.1g, 73mmol) in water (15ml) was added drop-wise at 
0°C over 5hours to a stirred mixture of D-leudne (8.75g, 67mmol), potassium 
bromide (29.75g, 0.25mol) and concentrated sulphuric acid (8.6ml) in water (100ml). 
The mixture was stirred for 30 minutes at 0**C then at ambient temperature for 
20hours. The product was extracted into diethyl ether (2 x 15Qml) then the combined 
15 ethereal layers were washed with saturated aqueous sodium chloride solution (2 x 
100ml), dried (MgS04) and the solvent removed in vacuo. The residue was purified 
by flash chromatography over silica gel eluting wifli a gradient of methanol : 
dichloromethane 1 :50 -> 1 :20. Appropriate fractions were combined and the solvents 
removed in vacuo to leave 2/i-bromo-4-mefhylpentanoic acid as a colourless oil, 
20 yield 1.60 g, (12.3%). TLC (single spot, Rf = 0.2, methanol : dichloromethane 1:20). 
Additionally, a second crop (5.2g, 40%) of slightly impure product was obtained 

5h (400MHz, CDCI3 at 298K), 0.95 and 0.99 (both 3H, CH3CH, d, / = 6.55Hz), 
1.77-1.89 (IH, CH3CH, m), 1.93 (2Hp, m), 4.31 (IHa, t, /= 7.7Hz), 9.3 (IH, CO2H, 
25 brs). 

(2)Preparation of 2iS'-(4-/^r^butylben2ylsidfanyl)-4-methylpentanoic acid (analogue 
of compound (16), Scheme 4) 

30 A solution of 2/?-bromo-4-methylpentanoic acid (l.lg, 5.6mmol) and (4-(tert- 
butyl)phenyl)methanethiol (l.Og, 5.6mmol) in dimethylformamide (15ml) was 
purged with nitrogen for 5 minutes then cooled to 0**C. Triethylamine (0.79ml, 
5.7mmol) was added drop-wise over 1 minute then the mixture was stirred for two 
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days at ambient temperature. The solvents were removed in vacuo and residue 
purified by flash chromatography over silica gel eluting with a gradioat of methanol : 
dichloromethane 0:1 ^ 1:20. Appropriate fractions were combined and the solvents 
removed in vacuo to leave a residue which was purified by flash chromatography 
5 over silica gel eluting with ethyl acetate : heptane 2:5. Appropriate fi:actions were 
combined and the solvents removed in vacuo to give 2«S'-(4-/er^-butylbenzylsulfanyl)- 
4-methylpentanoic acid as a colourless oil, yield 150 mg, (9%). TLC (single spot, Rf 
= 0,2, heptane : ethyl acetate 5:2), analytical HPLC with main peak Rt = 22.1 17mins, 
HPLC-MS (main UV peak with Rt = 1 1 .072mins, 3 1 7.2 [M -i- Na]^. 

10 

5h (400MHz, CDCI3 at 298K), 0.70 and 0.85 (both 3H, CH3CH, d, 6.3), 1.29 
(9H, (CH3)3C, s), 1.444.51 (IH, CH3CH, m), 1.62-1.75 (2Hp, m), 3.15-3.20 (IHo, 
m), 3.81 and 3.88 (both IH, SCH2, d, 13.2Hz), 7.25-7.35 (4H, aromatic). 

15 EXAMPLE 16. (2/?, 35) 3-Cyclohexyl-2-(fiJran-2-yhnethanesulfonyl)-^^^^^ 
4-oxo-tetrahydrofiiran-3-yl)-propionanude 




HPLC Rt = 17.65 mins (> 80 %), HPLC-MS 398.1 \M + H\\ 817.1 \M + Naf . 

20 Prepared as detailed for EXAMPLE 5, but using loaded building block-linker 
constract (9b) 

EXAMPLE 17. (2R, 3S) 3-Cyclohexyl-2-(fm:an-2-yhnethanesulfonyl)-^'-(2-methy^ 
4-oxo-tetrahydrofuran-3-yl)-propionamide 
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HPLC Rt = 17.61 mins (> 95 %), HPLC-MS 398.1 [M + Hf , 817.1 [M + Naf . 

Prepared as detailed for EXAMPLE 6, but using loaded building block-linker 
5 construct (9b) 

EXAMPLE 18. (27?, 3S) 2-(4-f^t-Butyl-phenylmetimesdfonyl)-4-methyl-pento^ 
acid (2-methyl-4-oxo-tetrahydrofuran.3-yl)-amide 




10 HPLC Rt = 21.19 niins (> 95 %), HPLC-MS 424.2 [M + H]^ 869.4 [2M + Na]". 

Prepared as detailed for EXAMPLE 7, but using loaded building block-linker 
construct (9b) 

15 EXAMPLE 19. (2R, 35) Morpholine-4-carboxyUc acid 2-cyclohexyl-l-(2-methyM- 
oxo-tetrahydro-furan-3-ylcarbamoyl)-ethyl ester 




HPLC-MS 383.4 [M + H]^ 

20 Prepared as detailed for EXAMPLE 8, but using loaded building block-linker 
construct (9b) 
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EXAMPLE 20. (2/f, 3S) 2-Cyclohexylmethyl-iV'-(2-me%l-4<)xo-tetr^ 
yl)-4-moipholin-4-yI-4-oxo-butyramide 




HPLC-MS38L4[M + Hf. 

5 

Prepared as detailed for EXAMPLE 9, but using loaded building block-linker 
construct (9b) 

EXAMPLE 21. (2R, 35) 2-Biphenyl-3-yl-4-methyl-pentanoic add (2-methyl-4-oxo- 
10 tetraliydrofuran-3-yl)-.ajtnide 




HPLC Rt = 20.62 mins (> 95 %), HPLC-MS 366.1 [M + Hf , 753.2 [2M + Na]^ 

15 Prepared as detailed for EXAMPLE 10, but using loaded building block-linker 
construct (9b) 

EXAMPLE 22. (2/?, 3S) 4.Methyl-2-[2-oxo-2-(3-phenyl.pyrrol-l-yl>ethyl]- 
pentanoic acid (2-niethyl-4-oxo-tetraliydrofuran-3-yl)-aniide 
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HPLC Rt = 19.80 & 20.16mms (19.9 & 80.1%), HPLC-MS 397.2 [M + H]^ 815.4 
[2M + Naf. 

5 The required carboxylic acid building block (2i?) 4-Methyl-2-[2-oxo-2-(3-phenyl- 
pyrroH-yl)-ethyl]-peiitanoic acid (analogue of compound (22), Scheme 6) was as 
follows: 

(1) Preparation of 4-Phenyl-l/^pyrrole-3-carboxylic add methyl ester 

10 

A solution of 4-toluenesulphonylmefhyl isocyanide (4.9 g, 25.2mmol) and methyl 
trans-ciimamate (4.0 g, 24.7inmol) in diethyl ether (40 ml) and dimethyl sulphoxide 
(20 ml) was added drop-wise over 30 minutes to a stirred suspension of sodium 
hydride (60% dispersion, 1.25 g, 31.3mmol) in diethyl ether (100 ml) under nitrogen. 

15 After 20 minutes a further portion of dimethyl sulphoxide (25 ml) was added to the 
reaction vessel. The mixture was stirred for 1 hour then water (200 ml) was 
cautiously added. The product was extracted into dichloromethane (1 x 400 ml and.l 
X 250 ml) then the combined didiloromethane layers were dried (Na2S04) and the 
solvent removed in vacuo. The residue was purified by flash chromatography over 

20 silica gel eluting with a gradient of heptane : ethyl acetate : dichloromethane 2:1 :0 
1:1:1, Appropriate fi*actions were combined and the solvents removed in vacuo to 
leave 4-phenyHif-pyrrole-3-carboxylic acid methyl ester as a white solid (1.55 g, 
31%). TLC (single spot, Rf = 0.25, heptane : ethyl acetate 2:1), HPLC-MS (main UV 
peak with Rt = 7.849mins, 202.1 [M + H]^ 425.1 [2M + Na]"^. 

25 

(2) Preparation of 3-Phenyl-l^f-pyiTole 

A solution of potassium hydroxide (4.3 g, 77mmol) in water (40 ml) was added to a 
suspension of 4-phenyl-li?-pyrrole-3-carboxylic acid methyl ester (1.55 g, 7.7mmol) 
30 in methanol (40 ml). The mixture was heated at reflux for 2.5 hours th^i the majority 
of solvents removed from the resulting solution by distillation in vacuo. The residue 
was diluted with wat^ (100 ml) and ice (30 ml) added then the mixture was acidified 
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with hydrochloric acid (IM) to pH=l, The precipitate was collected by fQtration in 
vacuo then washed with water (75 ml), dichloromefhane (75 ml), water (20 ml) then 
dichlororomethane (75 ml). The white solid was dried in vacuo then heated with 
ethanolamine (10 ml) at 190^C under an atmosphere of nitrogen for 2.25 hours. The 

5 mixture was allowed to cool to ambient temperature then poured onto ice (150 ml). 
Water (50 ml) was added then the product was extracted into dichloromethane (3 x 
50 ml). The dichloromethane layers were combined then dried (Na2S04) and the 
solvent removed in vacuo to leave an oil (900 mg) which was purified by flash 
chromatography over silica gel eluting with ethyl acetate : heptane 1:5. Appropriate 

0 fractions were combined and the solvents removed in vacuo to leave S-phenyHjff- 
pyrrole as a yellow-green oil which solidified after storage at -80^C for 20 hours (810 
mg, 74%). TLC (single spot, Rf = 0,25, heptane : ethyl acetate 5:1), HPIXI-MS 
(single UV peak with Rt = 8.493mins, 144.1 [M + Hf). 

> sH (CDCI3 at 298K); 6.54, 6.80 and 7.06 (each IH, pyrrole, m), 7.15-7.51 (5H, 
aromatic), 8.22 (IH, NH, 

(3) Preparation of (2iZ) Isobutyl-succinic add 

A solution of lithium hydroxide monohydrate (26 mg, 0.61mmol) in water (250|al) 
was added to a stirred solution of (2R) 2-isobutylsuccinic acid 1 -methyl ester 
(lOOmg, 0.53mmol) in 1,4-dioxane (500|li1). The mixture was stirred for 2 hours then 
lithium hydroxide monohydrate (26 mg, 0.61mmol) was added and stirring continued 
for 24 hours. The majority of solvents were removed by distillation in vacuo thra the 
residue was dissolved in water (5 ml) and acidified using hydrochloric acid (IM) to 
pH=l. The product was extracted into dichloromethane (5 x 5 ml), dried (Na2S04) 
and the solvent removed in vacuo to obtain (2R) 2-isobutylsuccinic acid (49 mg, 
53%) as a solid. HPLC-MS (single UV peak with Rt = 6.223mins, 197.1 [M + Na]"^. 

(4) Preparation of (2/2) 4-Methyl-2-[2-oxo-2-(3-phenyl-pyrroH-yl)-ethyl]-pentanoic 
add 
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A solution of (2i?)-2-isobutylsxiccinic add (35 mg, 0.2nmiol) in acetyl chloride (1.2 
ml) was heated at reflux under nitrogen for 2.2 hours then volatile components 
removed by distillation in vacuo to leave (3i?)-3-isobutyldihydrofuran-2,5-dione as 
an oily residue which was used without further purification. 
5 Sodium hydride (12 mg of 60% dispersion in oil, 0.3mmol) was added to a stirred 
solution of 3-phenylpyrrole (43 mg, 0.30mmol) in tetrahydrofuran (1.0ml) under 
nitrogen. The mixture was stirred for 15 minutes then added via cannula to a stirred 
solution of the (3iJ)-3-isobutyldihydrofiiran-2,5-dione (0.2rmnol) in tetrahydrofiiran 
(1.0 ml) at O^C, then stirred for 5 hours. The majority of solvents w^e removed in 

10 vacuo then water (10 ml) added. The aqueous layer was extracted with ethyl acetate 
(5 ml) then saturated aqueous sodium chloride solution (5 ml) added and the aqueous 
layer extracted with an additional portion of ethyl acetate (5 ml). The aqueous layer 
was acidified using hydrochloric acid (IM) to pH=l then the product extracted into 
ethyl acetate (2 x 5ml), dried (MgS04) and the solvent removed in vacuo. The 

15 residue was purified by flash chromatography over silica gel eludng with a gradient 
of methanol : dichloromefhane 1:99 -> 3:17. Appropriate firactions were combined 
and the solvents removed in vacuo to leave a mixture (approximately 1:1) of (2/?)-4- 
methyl-2-[oxo-2-(3-phenylpyiroH-yl)ethyl]pentanoic acid and (35)- 5-Methyl-3-(3- 
phenyl-pyrrole-l-carbonyl)-hexanoic acid (1.6 mg, 2%) as an oil. TLC (two spots, 

20 Rf = 0.8 and Rf = 0.75, methanol : dichloromethane 1:9), analytical HPLC two 
unresolved UV peaks with Rt = 19.020 and 19.127mins, HPLC-MS (two unresolved 
UV peaks with Rt = 9.724 and 9.861mins, 300.2 [M + H]"", 621.3 [2M + Na]^. 

This mixture was used directly for the preparation of EXAMPLE 22. 

25 

EXAMPLE 23. (27?, 3S) 2-[2-(3,4-Dihydro-lH-isoquinolin-2-yl)-2-oxo-ethyl]-4- 
methyl-pentanoic acid (2-methyl-4-oxo-tetrahydrofuran-3-yl)-amide 
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HPLC Rt = 16.03 & 16.53inms (> 80%), HPLC-MS 387.2 [M + H]^ 795.4 [2M + 
Naf. 

5 The required carboxylic acid building block (2R) 2-[2-(3,4-Dihydro-l^-isoquinolin- 
2-yl)-2-oxo-ethyl]-4-inethyl-pentanoic acid (analogue of compound (22), Scheme 6) 
was as follows: 

(1) Preparation of 2-[2-(3,4-Dihydro4i?-isoquinolin-2-yl)-2-oxo-ethyl]-4-methyl- 
1 0 pentanoic acid methyl ester. 

iyo-Butyl chloroformate (33.64 mg, 0.2463 mmol) in dichloromefhane (2 ml) and N- 
methyl moipholine (49,83 mg, 0.4927 mmol) in dichloromethane (2 ml) were 
simultaneously added to a stirred solution of (/f)-2-isobutyl sucdnic acid 1 -methyl 

15 ester (42.15 mg, 0.2239mmol) in dichloromefhane (2 ml) at -15**C under argon over 
5 nainutes. The mixture was stirred at -15 °C for 15 minutes. A freshly prepared 
solution of 1,2,3,4-tetrahydro-isoquinoline (29.83 mg, 0.2239mmol) in 
dichloromethane (2 ml) and N-methyhnoipholine (24.92 mg, 0.2463 mmol) was then 
added dropwise. The mixture was th«i stirred at ambient temperature for 16 hours. 

20 The reaction mixture was poured into saturated aqueous sodium chloride solution (1 
ml). The aqueous layer was extracted with diethyl ether (2x5 ml) which was 
discarded. The aqueous layer was acidified with IM hydrochloric acid to pH (l'-'2), 
then the product was extracted into dichloromethane (3x5 ml). The combined 
dichloromethane layers were washed with wat^ (2x5 ml), saturated aqueous 

25 sodium chloride solution (2x5 ml) then dried (Na2S04). The solvent was removed in 
vacuo to give a residue which was purified over silica gel eluting with a gradient of 
n-heptane : ethyl acetate 4:1. Desired fractions were combined and reduced in vacuo 
to leave 2-[2-(3,4-Dihydro-l^-isoquinoUn-2-yl)-2-oxo-ethyl]-4-methyl-pentanoic 
acid methyl ester as a colourless oil (35 mg, 51.5% from starting acid). TLC (single 

30 UV spot, Rf = 0.6, n-heptane : ethyl acetate 1:1), HPLC-MS (single UV peak with Rt 
= 9.544mins, 304.2 [M + H]^ 305.2 [M + 2] 306.2 [M + 3] ^ 629.3 [2M + Na] ^. 
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(2) Preparation of 2-[2-(3,4-dihydro-l/f-isoquinolin-2-yl)-2-oxo-ethyl]-4-me&^^ 
pentanoic acid. 

5 A solution of lithium hydroxide monohydrate (0.01452 g, 0.346 Immol) in water (1 .5 
ml) was added drop-wise over 1 minute to a solution of 2-[2-(3,4-dihydro-li?- 
isoquinolin-2-yl)-2-oxo-ethyl]-4-mefhyl-pentanoic acid methyl ester (0.035 g, 
0.1154inmol) in tetrahydrofuran : methanol 2:1 (9 ml) at 0*^C. The mixture was 
stirred at ambient temperature for 16 hours then poured into saturated aqueous 

10 sodium chloride solution (10 ml). The aqueous layer was extracted with diethyl ether 
(2 X 10 ml) which was discarded. The aqueous layer was acidified witih IM 
hydrochloric acid to pH (l'^2), then the product was extracted into dichloromediane 
(3x10 ml). The combined dichloromefhane layers were washed with water (2x10 
ml), saturated aqueous sodium chloride solution (2 x 10 ml) then dried (Na2S04) and 

15 the solvents removed in vacuo to leave 2-[2-(3,4-dihydro-l/f-isoquinolin-2-yl)-2- 
oxo-ethyl]-4-mefliyl-pentanoic add as a colourless oil (4.0mg, 12%). TLC (main 
spot, Rf = 0.2, methanol : dichloromethane 1:10), analytical HPLC Rt = 13.297 min. 
HPLC-MS (290.2 [M+l]"", 3 12.2 [M + Na]"*", 601 .3 [2M + Na] % 

20 EXAMPLE 24. (2S, 3R) 2-Benzyloxy-iV'-(2-methyl-4-oxo-tetrahydrofi^ 
phenyl-propionamide 



HPLC Rt - 18.34 mins (> 90 %), HPLC-MS 354.2 [M + H]^. 

25 

Following the general details fi'om Scheme 1, the required bicycle building block 
(25, 3R) (2"methyl-4-oxo-tetrahydrofuran-3-yl)-carbamic acid 9H-fluoren-9- 
ylmethyl ester (6c) was prepared as follows: 
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(1) Preparation of (li?, VS) [3-<fia20-l-(l-liydroxyetiiyl)-2-oxo-propyl]carbamic acid 
9H-fluoren-9-ylmethyl ester. 

NHFmoc 




OH O 



A solution of feo-butyl chlorofonnate (1.05 g, 7.7 mmol) in dichloromethane (7 ml) 
5 and a solution of 4-methylmorphoIine (1.42 g, 14 mmol) in dichloromethane (7 ml) 
were simultaneously added to a stirred suspension of Fmoc-D-threonine (2.39 g, 
7mmol) in dichloromethane (70 ml) at -15 °C over 10 minutes under an atmosphere 
of nitrogen. Ethereal diazomethane [generated from diazald (7.14 g, '-21mmol) 
addition in diethyl ether (115 ml) to sodium hydroxide (8.022 g) in water (11 
0 ml)/ethanol (31 ml) at 60°C] was then cautiously added and the resulting yellow 
solution was stirred at room temperature for 90 minutes. Acetic acid (--3 ml) was 
cautiously added (imtil effervescence had ceased) then the mixture was diluted with 
tert-hutyl methyl ether (70 ml). The ethereal layer was washed with water (3 x 70 
ml), dried (Na2S04) and the solvent removed in vacuo to leave {IR, VS) [3-diazo-l- 
> (l-hydroxyethyl)-2-oxo-propyl]carbanuc add 9H-fluoren-9-ylmethyl ester as a 
yellow solid (3.43 g) which was used without further purification. 

(2) Cyclisation to (2S^ 3R) (2-methyl-4-oxo-tetrahydTofuran--3-yl)carbamic acid 9H- 
fluorea-9-ylmethyl ester. 

FmocHN 

A solution of lithium chloride (2.97 g, 70mmol) in 80% acetic acid in water (105 ml) 
was added to (1^, VS) [3-diazo-l-(l-hydroxyethyl)-2-oxo-propyl]carbamicacid 9H- 
fluoren-9-yImethyl ester (3.43 g, '-7mmol). The yellow oily suspension was stirred 
for 2 hours whereupon a pale yellow solution formed accompanied by the evolution 
of a gas. The solvents were removed in vacuo then the residue was dissolved in ethyl 




wo 02/057248 



-89- 



PCT/GB02/00188 



acetate (42 nxl), washed with 10% aqueous sodium carbonate solution (2 x 42 ml) 
and saturated aqueous sodium chloride solution (42 ml). The combmed aqueous 
layers were extracted with ethyl acetate (2 x 42 ml) then the combined ethyl acetate 
layers were dried (Na2S04) and the solvents removed m vacuo to leave a yellow gum 
5 (2.26 g). The yellow gum was purified by chromatography over silica gel eluting 
with a gradient of n-heptane : ethyl acetate 9:1 7:3. Appropriate fractions were 
combined and the solvents removed in vacuo to leave (2S, 3R) (2-methyl-4-oxo- 
tetrahydrofuran-3"yl)carbamic acid 9i/-fluoren-9-ylmethyl ester as a white 
crystalline solid (659 mg, 28% from startmg acid). TLC (single UV spot, Rf = 0.27, 
10 n-heptane : ethyl acetate 2:1), analytical HPLC peak Rt = 18.02mins, HPLC-MS 
(single UV peak with Rt = 8.47mins, 338.1 [M + H\\ 360.1 [M + Naf , 361.0 [M + 
H + Naf. 

6H (CDCI3 at 298K); 1.39-1.60 (3H, CH3CHO, brs), 3.72-3.85 (IH, CH3CHO m), 
15 3.88-4.09 (2H, Fmoc CH2, m), 4.15-4.33 (2H, Fmoc H-9 and NHCHCO, m), 4.39- 
4.58 (2H, OCH2CO, dd), 5.07-5.25 (IH, NH, brs), 7.28-7.38 (2H, ArH, Fmoc H-2 
and H-7), 7.39-7.47 (2H, ArH, Fmoc H-3 and H-6), 7.52-7.66 (2H, ArH, Fmoc H-1 
and H-8), 7.72-7.86 (2H, ArH, Fmoc H-4 and H-5). 

sC (CDCI3 at 298K); 19.45 (u, CH3CHO), 47.52 (u, Fmoc C-9), 63.09 (u, 
20 NHCHCO), 67.65 (d, Fmoc CH2), 71.21 (d, COCH2), 77.80 (u, CH3CHO), 120.43 
(u, Fmoc C-4 and C-5), 125.38 (u, Fmoc C-1 and C-8), 127.51 (u, Fmoc C-2 and C- 
7), 128.20 (u, Fmoc C-3 and C-6), 141.75 (q, Fmoc C-4' and C-50, 143.98/144.03 
(q, Fmoc C-r and C-8'), 156.45 (OCON), 212.21(COCH2). 

25 

Following the general details from Scheme 2, the required bicycle building (2S, 3R) 
(2-methyl-4-oxo-tetrahydrofuran-3-yl)-carbamic acid 9H-fluoren-9-ylmethyl ester 
(6c) was converted to building block-linker construct (8c) as follows: 

30 {2S, 3R) (2..methyl-4-oxo-tetrahydrofuran-3-yl)-carbamic acid 9H-fluoren-9- 
ylmethyl ester (6c) (354mg, 1 .05mmol, 1 eq) was dissolved in a mixture of efhanol 
(9.6 mL) and water (1.4 mL) containing sodium acetate.trihydrate (218mg, 1.6 
nunol, 1.5 eq). 4-[[(hydraziiiocarbonyl)amino] methyl]cyclohexanecaiboxylic acid. 
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trifluoroacetate (346ing, l.OSmmol, 1 eq, Mmphy, A. M. et al^ J. Am, Chem. Soc, 
114, 3156-3157, 1992) was added and the mixture refluxed for 21ir. Chloroform 
(lOOmL) was added and the organics washed with dilute aqueous hydrochloric acid 
(0.1 M, 1 X 100 mL). The acidic layer was backwashed with chloroform (3 x lOOmL) 
5 and the combined organics washed with brine (100 mL), dried (Na2S04) and 
evaporated under reduced pressiare to afford linker construct (8c) as a white solid 
(660mg). Analytical HPLC indicated one main peak at Rt = 17.14 min, HPLC-MS 
(main UV peak with Rt = 7.91 min, 535.3 [M + H]"*". Crude (8c) was used directly for 
construct loading. 

10 

Following the general details from Scheme 2, the required building block-linker 
construct (8c) was attached to the solid phase providing loaded building block-linker 
construct (9c) as follows: 

15 Building block-linker construct (8c) (l.Onmiole), 2-(lH-benzotriazole-l-yl>l, 1,3,3- 
tetramefliyluroniumhexafluoro phosphate (HBTU, 379mg, l.Ommole), 1- 
hydroxybenzotriazolchydrate and (HOBT, 153mg, l.Ommole) were dissolved in 
dimethylformamide (5mL) and N-methyhnorpholine (NMM, 220|j.L, 2.0nMnole) 
added. After pre-activation for 5 minutes, free amine gears (250 x 1.2|imole) were 

20 added, followed by dimethylformamide (30mL) and left overnight. The spent 
coupling solution was then added to free amine crowns (25 x lOjimole) and left 
overnight. Standard washing and analyses indicated loading at >95%. 

Following the general details from Scheme 2, the required loaded building block- 
25 lixiker construct (9c) was elaborated on the solid phase as follows: 

2/?iS-ben2yloxy-3-phenylpropionic acid was coiJ^led under standard conditions to 
loaded building block-linker construct (9c) (following standard removal of Fmoc), 
then cleaved to provide EXAMPLE 24. The crude example was analysed (see 
30 general techniques). HPLC Rt = 18.34 mins (> 90 %), HPLC-MS 354,2 [M + Hf. 
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The following examples (25 - 34) were prepared as detailed for EXAMPLE 24, 
coupling with the required reagents to provide the full length molecule. 

EXAMPLE 25. {IS, 3R) A^-(2-Methyl-4-oxo4etrahydrofuran-3-yl)-3-phenyl-2-(4- 
5 trifluoromethylben2yloxy)-propionamide 




HPLC Rt = 20.73 mins (> 90 %), HPLC-MS 422.1 [M + H]"", 444.1 [M + Na]^ 

1 0 The required carboxylic acid, 2i?iS'-3-Phenyl-2-(4-trifluoromefhylben2yloxy)- 

propionic acid was prepared following the general method described for compound 
(12) as a colourless oil, yield 12.7 mg. HPLC-MS (single main UV peak with Rt = 
9.59mins, 325.1 [M + H]"^. 

15 5H (CDCI3 at 298K); 2.80-3.17 (2H, PhCHa, m), 3.90-4.14 (IH, OCHCO, m), 4.19- 
4.37 (IH. CH2O, d, J= 12.57 Hz), 4.45-4.72 (IH, ClfcO, d, /= 12.53 Hz), 6.85-7.46 
(9H,ArH,m). 

EXAMPLE 26. (25; 3R) 2-Benzyloxy-3-cyclohexyl-iV-(2-methyl-4-oxo-tetrahydro- 
20 furan-3-yl)-propionainide 




HPLC Rt = 20.73 mins (> 90 %), HPLC-MS 360.2 [M + Hf , 741.4 [2M + Naf . 
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Prepared as detailed for EXAMPLE 1, but using loaded building block-linker 
construct (9c) 

5 EXAMPLE 27. (2,5, 3R) 3-Cyclohexyl-2-(furan.2-ylmefhylsulfanyl)-iV"-(2 
oxo-tetrahydrofuran-3-yl)-propionamide 



HPLC Rt - 19.71 mins (> 80 %), HPLC-MS 366.1 [M + H]^ 753.2 [M + Naf . 

10 Prepared as detailed for EXAMPLE 3, but using loaded building block-linker 
construct (9c) 

EXAMPLE 28. (2S, 3R) 3-Cyclohexyl-2-(furan-2-yIme1hylsulfanyl)-iV-(2-methyl-4- 
oxo-tetrahydrofiiran-3-yl)-propionamide 



HPLC Rt = 19.71 mins (> 80 %), HPLC-MS 366.1 [M + Hf , 753.2 [M + Naf . 

Prepared as detailed for EXAMPLE 4, but using loaded building block-linker 
construct (9c) 





15 



20 
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EXAMPLE 29, (25, 3R) 3-(::Vclohexyl-2-(furan-2-ylmethane^ 
4-oxo-tetrahydrofuran-3-yl)-propionaimde 



HPLC Rt = 17.63 mins (> 80 %), HPLC-MS 398.1 [M + H]^ 817.1 \M + Naf . 

5 

Prq)ared as detailed for EXAMPLE 5, but xising loaded building block-linker 
construct (9c) 

EXAMPLE 30. (2S, 3R) 3-Cyclohexyl-2-(furan-2-ylmethanesulfonyl)rA/-(2-methyl- 
1 0 4-oxo-tetrahydrofuran-3-yl)-propionainide 



HPLC Rt = 17.93 mins (> 95 %), HPLC-MS 398.1 [M + Ji]\ 817.1 [M + Na]"". 

Prepared as detailed for EXAMPLE 6, but using loaded building block-linker 
15 construct (9c) 

EXAMPLE 31. (2S, 3R) 2-(4-fert-Butyl-phenylmethanesulfonyl)-4-rnefhyl-pentanoic 
acid (2-methyl-4-oxo-tetraliydrofuran-3-yl)-amide 







02 
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HPLC Rt - 21.13 mins (> 95 %), HPLC-MS 424.2 [M + Hf, 869.4 [2M + Na]"". 

Prepared as detailed for EXAMPLE 7, but using loaded building block-linker 
construct (9c) 



EXAMPLE 32. (25', 37?) Morpholine-4-carboxylic acid 2-cyclohexyH-(2-mefliyl-4- 
oxo-tetrahydro-furan-3-ylcarbamoyl)-ethyl ester 



HPLC-MS 383.4 [M + H]"". 

10 Prepared as detailed for EXAMPLE 8, but using loaded building block-linker 
construct (9c) 

EXAMPLE 33. (25, 3R) 2-(:^clohexylnae1hyl-JV'-(2-methyl-4-oxo-tetrahy^^ 
yl>4-morpholin-4-yl-4-oxo-butyramide 



15 HPLC-MS 381.4 [M + 

Prq)ared as detailed for EXAMPLE 9, but using loaded building block-linker 
construct (9c) 



5 





20 EXAMPLE 34. (2S, 3R) 2-Biphenyl-3-yl-4-methyl-pentanoic add (2-mefhyl-4-oxo- 
tetrahydrofuran-3-yl)-ainide 
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HPLC Rt = 20.66 mins (> 95 %), HPLC-MS 366.1 [M + H]^ 753.2 [2M +Naf . 

5 Prepared as detailed for EXAMPLE 10, but using loaded building block-linker 
construct (9c) 

EXAMPLE 35. (2j?, 3R) 2-Benzyloxy-A/'-(2-methyl-4-oxo-tetrahydrofuran-3-yO 
phenyl-propionamide 

10 




HPLC Rt = 1 8.35 mins (> 90 %), HPLC-MS 354.2 [M + H}\ 376.1 [M + Naf , 
729.3 [2M + Naf. 

Following the geneml details &om Scheme 1, the required bicycle building block 
(2/f, 3R) (2.methyl-4-oxo-tetrahydrofiiran-3-yl>carbaniic add 9H-fluoren-9- 
ylmethyl ester (6d) was prepared as follows: 

(1) Preparation of (li?, I'R) [3-diazo-l-(l-hydroxyethyl)-2-oxopropyl]carbamic acid 
9H-fluoren-9-yhnethyI ester. 



NHFmoc 
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A solution of wo-butyl chlorofoimate (0.751 g, 5.5 mmol) in dichloromethane (10 
ml) and a solution of 4-methylmoiplioline (1.01 g, 10 mmol) in dichloromethane (10 
ml) were simultaneously added in four portions to a stirred suspension of Fmoc-D- 
5 fl/fo-fibreonine (1.71 g, 5mmol) in dichloromethane (50 ml) at -15 °C over 10 minutes 
under an atmosphere of nitrogen. Ethereal diazomethane [generated from diazald 
(5.1 g, -15mmol) addition in diethyl ether (82 ml) to sodium hydroxide (5.73 g) in 
water (10 ml)/ethanol (20 ml) at 60°C] was then cautiously added and the resulting 
yellow solution was stirred at room temperature for 90 minutes. Acetic acid (~2 ml) 
10 was cautiously added (until effervescence had ceased), then the mixture was diluted 
with fer^butyl methyl ether (50 ml). The ethereal layer was washed with water (3 x 
50 ml), dried (Na2S04) and the solvent removed in vacuo to leave {IR^ 1 'R) [3-diazo- 
l-(l-hydroxyethyl)-2-oxopropyl]carbamic acid 9H-fluoren-9-yhnethyl ester as a 
yellow solid (2.43 g) which was used without further purification. 



(2) Cyclisation to (2/?, 3R) (2-methyl-4-oxo-tetrahydrofuran-3-yl)carbamic acid 9H- 
fluoren-9-ylmethyl ester. 



20 A solution of lithium chloride (2.12 g, 50mmol) in 80% acetic acid in water (75 ml) 
was added to (li?, VR) [3-diazo-l-(l-hydroxyethyl)-2-oxopropyl]carbamic acid 9H- 
fluorea-9-ylmethyl ester (2.43 g, -5mmol). The yellow oily suspension was stirred 
for 2 hours whereupon a pale yellow solution formed accompanied by the evolution 
of a gas. The solvmts were r«noved in vacuo then the residue was dissolved in ethyl 

25 acetate (30 ml), washed with 10% aqueous sodium carbonate solution (2 x 30 ml) 
and saturated aqueous sodium chloride solution (30 ml). The combined aqueous 
layers were extracted with ethyl acetate (2 x 30 ml) flien the combined ethyl acetate 
layers were dried (Na2S04) and the solvents removed in vacuo to leave a yellow gum 
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(1.59 g). The yellow gum was purified by chromatography over silica gel eluting 
with a gradient of n-heptane : ethyl acetate 9:1 -> 7:3. Appropriate firactions were 
combined and the solvents removed in vacuo to leave {2R, 3R) (2-methyl-4-oxo- 
tetrahydrofuran-3"yl)carbamic acid 9jfir-fluorm-9-yImethyl ester as a white 
5 crystalline solid (796 mg, 47% firom starting acid). TLC (single UV spot, Rf = 0.27, 
n-heptane : ethyl acetate 2:1), analytical HPLC peak Rt = 18.04mins, HPLC-MS 
(single UV peak with Rt = 8.47mins, 338.1 [M + Hf , 360.0 [M + Naf , 361.1 [M + 
H + Na]% 

5H (CDCI3 at 298K); L51-1.52 (3H, CH3CHO, brs), 3.81-3.83 (IH, CH3CHO m), 
3.98-4.03 (2H, Fmoc CH2, m), 4.14-4.17 (2H, Fmoc H-9 and NHCHCO, m), 4.29- 
4.53 (2H, OCH2CO, dd), 5.18-5.19 (IH, NH, bs), 7.28-7.32 (2H, ArH, Fmoc H-2 and 
H-7), 7.34-7.36 (2H, ArH, Fmoc H-3 and H-6), 7.41-7.54 (2H, ArH, Fmoc H-1 and 
H-8), 7.59-7.80 (2H, ArH, Fmoc H-4 and H-5). 

fiC (CDCI3 at 298K); 18.27 (u, CH3CHO), 46.35 (u, Fmoc C-9), 61.91 (u, 
NHCHCO), 66.46 (d, Fmoc CH2), 70.03 (d, COCH2), 76.60 (u, CH3CHO), 119.26 
(u, Fmoc C-4 and C-5), 124.21 (u, Fmoc C-1 and C-8), 126.35 (u, Fmoc C-2 and C- 
7), 127.03 (11, Fmoc C-3 and C-6), 140.57 (q, Fmoc C-4' and C-5'), 142.81/142.86 
(q, Fmoc C-l' and C-8'), 155.27 (OCON), 211.05 (COCH2). 

Following the general details fiom Scheme 2, the required bicycle building (2R, 3R) 
(2-mefhyl-4-oxo-tetrahydrofuran-3-yl)-carbamic acid 9H-fluoren-9-ylmethyl ester 
(6d) was converted to building block-linker construct (8d) as follows: 

25 (2R, 3R) (2-methyl-4-oxo-tetrahydrofuran-3-yl)-carbanaic acid 9H-fluoren-9- 
ylmethyl ester (6d) (354mg, l.OSmmol, 1 eq) was dissolved in a mixture of ethanol 
(9.6 mL) and water (1.4 mL) containing sodium acetate.trihydrate (218mg, 1.6 
mmol, 1.5 eq). 4-[[(hydraziaocarbonyl)amino] methyl]cyclohexanecarboxylic acid, 
trifluoroacetate (346mg, 1.05mmol, 1 eq, Murphy, A. M. et al^ J. Am. Chem, Soc, 

30 114, 3156-3157, 1992) was added and the mixture refluxed for 2hr. Chloroform 
(lOOmL) was added and the organics washed with dilute aqueous hydrochloric acid 
(0.1 M, 1 x 100 mL). The acidic layer was backwashed with chloroform (3 x lOOmL) 
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and the combined organics washed with brine (100 mL), dried (Na2S04) and 
evaporated under reduced pressure to afford linker construct (8d) as a white solid 
(620mg). Analytical HPLC indicated one main peak at Rt = 17.20 min, HPLC-MS 
(main UV peak with Rx = 7.91 min, 535.3 [M + Hf . Crude (8d) was used directly for 
5 construct loading. 

Following the general details from Scheme 2, the required building block-linker 
construct (8d) was attached to the solid phase providing loaded building block-linker 
construct (9d) as follows: 

10 

Building block-lmker construct (8d) (l.Ommole), 2-(lH-benzotriazole-l-yl)-l,l,3,3- 
tetramefhyluroniumhexafluoro phosphate (HBTU, 379mg, l.Ommole), 1- 
hydroxybenzotriazolchydrate and (HOBT, 153mg, l.Ommole) were dissolved in 
dimethylformamide (5mL) and N-methyhnorpholine (NMM, 220p.L, 2.0mmole) 
15 added. After pre-activation for 5 minutes, free amine gears (250 x 1.2|jmole) were 
added, followed by dimefhylfoimamide (30mL) and left overnight. Hie sprat 
coupling solution was then added to free amine crowns (25 x lOjimole) and left 
overnight. Standard washing and analyses indicated loading at >95%. 

20 Following the general details from Scheme 2, the required loaded building block- 
linker construct (9d) was elaborated on the solid phase as follows: 

2/?iS-benzyloxy-3-phenylpropionic acid was coupled under standard conditions to 
loaded building block-linker construct (9d) (following standard removal of Fmoc), 
25 then cleaved to provide EXAMPLE 35. The crude example was analysed (see 
general techniques). HPLC Rt = 18.35 mins (> 90 %), HPLC-MS 354.2 [M + H]^ 
376.1 [M + Na]"", 729.3 [2M + Na]"*. 

The following examples (36 - 47) were prepared as detailed for EXAMPLE 35, 
30 coupling with the required reagents to provide the full lengCh molecule. 
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EXAMPLE 36. (2R, 3R) 4-Methyl-2-(4-trifluorome1hylbenzyloxy)"-pentanoic acid 
(2-me%1^4-oxo-te1rahydroftiran-3-yl)-ainide 




5 HPLC Rt - 20.69 mins (> 90 %), HPLC-MS 388.2 [M + H]^ 797.2 [2M + Naf . 

Prepared as detailed for EXAMPLE 12, but using loaded building block-linker 
construct (9d) 

10 EXAMPLE 37. (2R, 3R) 2-Benzyloxy-3-cyclohexyl-//-(2-metbyl-4-oxo-tetrahydro 
furan-3-yl>.propionaniide 




HPLC Rt = 20.70 mins (> 90 %), HPLC-MS 360.2 [M + H\\ 741 A [2M + Naf . 
15 ^ 

Prepared as detailed for EXAMPLE 1, but using loaded building block-linker 

construct (9d) 

EXAMPLE 38. 3R) 3-Cyclohexyl-2-(furan-2-ylniethylsdfanyl)-iV'-(2-me^^^ 
20 oxo-tetraliydrofuran-3-yl)-propionamide 
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HPLC Rt = 19.71 mins (> 80 %), HPLC-MS 366.1 [M + Hf , 753.2 [M + Naf . 

5 Prepared as detailed for EXAMPLE 3, but using loaded building block-linker 
construct (9d) 

EXAMPLE 39. (2/?, 3R) 3-Cyclohexyl-2<fi3ran-2-ylmethylsulfan^^^ 
oxo-tetraliydrofuran-3-yl)-propionamide 




10 

HPLC Rt = 19.71 mins (> 80 %), HPLC-MS 366.1 [M + Hf , 753.2 [M + Naf. 

Prepared as detailed for EXAMPLE 4, but using loaded building block-linker 
15 construct (9d) 

EXAMPLE 40. (2R, 3R) 2-(4-ter^Butyl-benzylsulfanyl)-4-methy^pentanoic add (2- 
methyl-4-oxo-tetrahydrofuran-3-yl)-amide 




20 HPLC Rt = 23.23 mins (> 95 %), HPLC-MS 392.2 [M + H]***, 805.4 [2M + Naf. 

Prepared as detailed for EXAMPLE 7, but using loaded building block-linker 
construct (9d) and no oxidation of the intermediate thioether. 
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EXAMPLE 41. (2R, 3R) 3-Cyclohexyl-2-(fmBn-2.ylmetbanesulf(myl)-W-me&^^ 
4-oxo-tetrahy<kofuran-3-yl)-propionamide 




5 

HPLC Rt = 17.67 mins (> 80 %), HPLC-MS 398.1 [M + Hf, 817.1 [M + Na]*. 

Prepared as detailed for EXAMPLE 5, but using loaded buildioig block-Uoker 
constract (9d) 

10 

EXAMPLE 42. (2R, 3R) 3-Cyclohexyl-2-(furan-2-ylmethanesulfonyl)-iV'-(2-methyl- 
4-oxo-tetrahydrofuraii-3-yl)-propionamide 




HPLC Rt = 17.93 mins (> 95 %), HPLC-MS 398.1 [M + Hf , 817. 1 [M + Na]"". 

15 

Prepared as detailed for EXAMPLE 6, but using loaded building block-linker 
construct (9d) 

EXAMPLE 43. (2i?, 3R) 2-(4-tert-Butyl-phenylmethanesulfonyl)-4-methyl- 
20 pentanoic acid (2-methyl-4-oxo-tetrahydrofuran-3-yl)-amide 
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HPLC Rt = 21 .19 mins (> 95 %), HPLC-MS 424.2 [M + H]^ 869.4 [2M + Na]^ 

Prepared as detailed for EXAMPLE 7, but using loaded building block-linker 
5 construct (9d) 

EXAMPLE 44. (2R, 3R) Morpholine-4-carboxylic acid 2-cyclohexyl-l-(2-metliyl-4-. 
oxo-tetrahydro-furan-3-ylcarbamoyl)-ethyl ester 



10 HPLC-MS 383.4 [M + H]"**. 

Prepared as detailed for EXAMPLE 8, but using loaded building block-linker 
construct (9d) 

15 EXAMPLE 45. {IR, 3R) 2-Cyclohexylniethyl-iV'-(2-methyl-4-oxo-tetrahydroto 
yl)-4-morpholin-4-yl-4-oxo-butyramide 



HPLC-MS 381.4 [M + Hf. 

20 

Prepared as detailed for EXAMPLE 9, but using loaded building block-linker 
construct (9d) 





wo 02/057248 



PCT/GB02/00188 



-103- 



EXAMPLE 46. (2/?, 37?) 2-Biphenyl-3-yl-4-methyl-peatanoic add (2-methyl-4-oxO'- 
tetrahydrofuran-3-yl)-amide 



5 

HPLC Rt - 20.62 mins (> 95 %), HPLC-MS 366.1 [M + H]'', 753.2 [2M + Na]^. 

Prepared as detailed for EXAMPLE 10, but using loaded building block-linker 
construct (9d) 

0 

EXAMPLE 47. (2i?, 3S) 2-[2-(3,4-Dihydro-lH-isoquinolin-2-yl)-2-oxo-ethyl]-4- 
methyl-pentanoic add (2-methyl-4-oxo-tetrahydrofuran-3-yl)-amide 



15 HPLC Rt = 16.04 & 16.54mins (> 80%), HPLC-MS 387,2 [M + Hf , 795.4 [2M + 
Na]"". 

Prepared as detailed for EXAMPLE 23, but using loaded building block-linker 
construct (9d) 





20 



Solution Phase Syntheses 



EXAMPLES (48-51) were prepared by standard solution phase chemistries, coupling 
with the required reagents to provide the full length molecule. The core building 
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block (4iS, 5R) 4-ainino-5-methyl-dihydro-ftiran'-3--one hydrochloride (Compound 
(31), Schemes 9 and 10) was prepared as follows: 

(1) Preparation of (IS, VR) [l-(l-terr-butoxyethyl)-3-diazo-2-oxopropyl3carbanaic 
5 acid /er/-butyl ester 




NHBoc 



A solution of iyo-butyl chloroformate (0.998 ml, 7.7 mmol) in dichloromethane (14 
ml) and a solution of 4-methylmorpholine (1.54 ml, 14 mmol) in dichloromethane 
(14 ml) were simultaneously added to a stkred suspension of Boc-0-(ter^-butyl)-L- 
10 threonine (1.93 g, Tmmol) in dichloromethane (70 ml) at -15 °C over 10 minutes 
under an atmosphere of argon. Ethereal diazomefhane [generated from diazald (7.14 
g, ~21mmol) addition in diethyl ether (1 15 ml) to sodium hydroxide (8.02 g) in water 
(1 1 ml)/ethanol (31 ml) at 60*^0] was then cautiously added and the resulting yellow 
solution was stiired at room temperature for 90 minutes. Acetic acid (^-2 ml) was 
15 cautiously added (until effervescence had ceased) then the mixture was diluted with 
tert-hutyl methyl ether (50 ml). The ethereal layer was washed with water (3 x 50 
ml), dried (Na2S04) and the solvent removed in vacuo to leave {IS, VR) [l-(l-^err- 
butoxyethyl)-3-diazo-2-oxopropyl]carbamic acid ter/-butyl ester as a yellow solid 
(2.81 g) which was used v^thout further purification. 

20 

(2) Cyclisation to (2R, 35) (2-methyl-4-oxo-tetrahydrofuran-3-yl)carbaimc add tert- 
butyl ester 
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A solution of lithium chloride (2.97 g, VOmmol) in 80% acetic add in water (105 ml) 
was added to (IS, VR) [l-(l-^^^butoxyethyl)-3-diazo-2-oxopropyl]ca^bamic acid 
fer^-butyl ester (2.81 g, -^Tmniol). The yellow oily suspension was stirred for 2 hours 
whereupon a pale yellow solution formed accompanied by the evolution of a gas, 
5 The solvents were removed in vacuo then the residue was dissolved in ethyl acetate 
(42 ml), washed with 10% aqueous sodium carbonate solution (2 x 42 ml) and 
saturated aqueous sodium chloride solution (42 ml). The combined aqueous layers 
were extracted with ethyl acetate (2 x 42 ml) then the combined ethyl acetate layers 
were dried (Na2S04) and the solvents removed in vacuo to leave a yellow gum (1,1 
10 g). The yellow gum was purified by chromatography over silica gel eluting with n- 
heptane : ethyl acetate 3:1 Appropriate fractions were combined and the solvents 
removed in vacuo to leave (2R, 3S) (2-methyl-4-oxo-tetrahydrofuran-3-yl)carbamic 
acid tert-hntyl ester as a white crystalline solid (393 mg, 26% from starting add). 
TLC (single UV spot, Rf = 0-31, n-heptane : ethyl acetate 2:1), HPLC-MS (single 
15 UVpeakwithRt-6.448miiis, 238.1 [M + Naf, 453.3 [2M + Na]% 

sH (CDCla at 298K); 1.47 (9H, C(CH3)3, s), 1.53 (3H, CH3CHO, d, J= 6.02 Hz), 
3.68-3.81 (IH, CH3CHO, m), 3.90-4.05 (2H, COCIfcO and NHCHCO, m), 4.20-4.31 
(IH, OCH2CO, d, /= 17.36 Hz), 4.84^.97 (IH, NH, brs). 
20 sC (CDCI3 at 298K); 19.50 (u, CH3CHO), 28.61 (u, C(CH3)3), 62.91 (u, Ca), 71.23 
(d, COCH2), 78.06 (u, CH3CHO), 81.03 (q, C(CH3)3), 155.73 (q, OCON), 212.85(q, 
COCH2). 

(3) Preparation of (4,5', Si?) 4-aimiio--5-methyl-dihydrofuran-3-one hydrochloride. 




HCl in dioxane (4.0M, Pml) was added drop-wise with stirring over 1 minute to (2R, 
3S) (2-methyI-4-oxo-tetrahydrofuran-3yl)carbamic acid tert-butyl ester (0.372 g, 
1.73mmol). The mixture was stirred for 20 minutes then the solvents evaporated in 



wo 02/057248 



PCT/GB02/00188 



-106- 



vacuo to leave a residue which was azeotroped with toluene (2 x 20 ml) to leave (4»S, 
5R) 4-animo-5-methyl-dihydro-furan-3-one hydrochloride as a white solid (266 mg, 
100%).HPLC-MS, Rt = 0.419miiis, 116.1 [M+H]% 

5 EXAMPLE 48. (2R, 35) 2-(4-fe7t-Butylbenzyloxy)-4-methyl-pentanoic acid (2- 
methyl-4-oxo-tetrahydroftiran-3-yl)-ainide 



HPLC Rt = 21 .429inms, HPLC-MS 376.2 \M + Hl\ 773 A [2M + Na] ^ 

10 The required ether carboxylic add building block 2i?5-(4-teft-butyl-benzyloxy)"4- 
mefhyl-pentanoic add (compound (33), Scheme 10) was prepared from (5)-2- 
hydroxyisocaproic acid (32) as follows: 

(I) Preparation of 2i?iS'-(4-ter/-butylben2yloxy)-4-mefhyl-pentanoic add (compound 
15 (33), Scheme 10) 

A solution of (iS)-2-hydroxyisocaproic add (compoxmd (32) 0.66 g, 5mmol) in 
dichloTomethane (10 ml) was added to a suspension of sodium hydride (0.44g of 
60% dispersion in oil, llmmol) in dimethylformamide (20 ml) at 0°C. The mixture 

20 was stirred at O^^C for 0.5 hours then a solution of 4-r^^butylbenzyl bromide (1 .42 g, 
6.25mmol) in dichloromefliane (5 ml) was added drop-wise. The suspension was 
stirred for 2 hours then IM hydrochloric acid (40 ml) was added and the product 
extracted into dichloromefhane (100 ml) then washed with saturated aqueous sodium 
chloride solution (2 x 50 ml), dried (Na2S04) and the solvent removed in vacuo to 

25 leave a residue. The residue was purified by chromatography over silica gel eluting 
with methanol : dichloromethane 1:100. Appropriate fractions were combined and 
the solvents removed in vacuo to leave 2/&S'-(4-rer^butylbenzyloxy)-4-methyl- 
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pentanoic add as a yellow oil (79 mg, 6%). Analytical HPLC peak Rt = 21.310mins, 
HPLC-MS (single peak with Rt= 10.424imns, 301.1 [M+Na]*, 579.2 [2M+Na]^. 

aH (CDClj at 298K); 0.71 and 0.88 (6H, CH2CH(CH3)2, both d,J= 6.6Hz), 1.23 
5 (9H, C(CH3)3, s), 1.42-1.54 (1HCH2CH(CH3)2, m), 1.63-1.74 (1HCH2CH(CH3)2, 
m), 1.75-1.87 (IH, CH2CH(CH3)2, m), 3.88-3.97 (IH, OCHCOOH, m), 4.28-4.35 
(IH, A1CH2O, d, 11.26 Hz), 4.55-4.67 (IH, ArCHzO, d, /= 11.25 Hz), 7.20-7.33 
(4H,ArH,m). 

sC (CDCI3 at 298K); 23.61 (u, CH2CH(CH3)2), 24.83 (u, CHiCiKCllsh), 31.51 (u, 
10 C(CH3)3), 42.14 (d,.CH2CH(CH3)2), 72.68 (d, A1CH2O), 76.54 (u, OCHCOOH), 
125.75/125.84 (u, aromatic CH), 128.29/128.48 (u, aramatic CH), 134.71 (q. At C), 
151.36 (q. At C), 178.41 (q, CO). 

Carboxyhc add building (33) and (45, 5R) 4-amino-5-methyl-dihydro-fuian-3-one 
1 5 hydrochloride (31) were coupled as follows: 

iso-Butyl chlorofoimate (20.09mg, 0.1471 nunol) in dichloromethane (2ml) and N- 
methyl morphoHne (29.75mg, 0.294 mmol) m dichloromethane (2ml) were 
simultaneously added were simultaneously added to a stirred solution of (31) (37.22 

20 mg, 0.1337mmol) in dichloromethane (2 ml) at -15°C undo- argon over 5 minutes. 
The mixture was stirred at — 15 °C for 15 minutes. A freshly prepared solution of (33) 
(20.27 mg, 0.1337mmol) in dichloromethane (2 ml) and 4-mdhyhnorpholine (13.52 
mg, 0.1337 mmol) was then added dropwise. The mixture was then stirred at ambient 
temperature for 16 hours. The solvent was removed in vacuo to give a residue whidi 

25 was purified over silica gel eluttng with a gradient of n-heptane : dhyl acetate 3:1 to 
2:1. Desired fractions were combined and reduced in vacuo to leave a white foam 
(37.10mg, 73.9% from starting acid). TLC (single UV spot, Rf = 0.85, 10% MeOH 
in DCM), analytical HPLC single peak with Rt = 21.429mins, HPLC-MS (single UV 
peak with Rt = 10.829miiis, 376.2 [M + H]^ 773.4 [2M + Na] 

30 

sH (CDCI3 at 298K); 0.75-0.90 (6H, (CH3)2CH2, m), 1.25 (9H, C(CH3)3, s), 1.34- 
1.41 (3H, OCHCH3, d, y = 6.03 Hz), 1.45-1.63 (2H, CH2CH(CH3)2, m), 1.71-1.87 
(IH, CH2CH(CH3)2, m), 3.71-3.80 (IH, OCMCHs, m), 3.83-4.04 (3H, OCHCO, 
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NHCHCO and COCH2O, m), 4.12-4.21 (IH, COCH^O, m), 4.47 (2H, ArCH2, s), 
6.77 (IH, NH, s), 7.18-7.36 (4H, ArH, m). 

EXAMPLE 49. (27?, 3S) N^(2-Methyl-4-oxo-tetrahy(kofuran-3-yl)-2-(naph1h^ 
5 ylmethoxy)-3-phenyl-propionamide 



Analytical HPLC Rt = 20.50mins (major isomer) and 20.64mins (minor isomer) and 
HPLC-MS (single major UV peak wifli Rt = 9.746mins, 404.2 [M + Hf, 426.2 [M + 
10 Naf, 829.4 PM + Najt). 

The required ether carboxylic acid building block 2i?iS'-(Naphfhalen-l-yhnethoxy)-3- 
phenylpiopionic acid was prepared as follows: 

15 Sodium hydride (265 mg of 60% dispersion in oil, 6.6mmol) was added in two 
portions to a stirred mixture of (5)-2-hydroxy-3-phenylpropiomc add (0.5 g, 
3.0mmol), dimethylformamide (5 ml) and dichloromethane (5 ml) at 0°C over 5 
minutes. The mixture was stirred at 0°C for 5 minutes then at ambient temperature 
for 30 minutes. l-(Chloromethyl)naphthalene (95%, 0.57 ml, 3.6mmol) was added 

20 then the mixture stirred for 5 hours before adding potassium iodide (50 mg, 
0.3mmol). The mixture was stirred for 20 hours then heated at 55^C for 1 hour then 
allowed to cool to ambient temperature and poured into water (15 ml). A saturated 
aqueous sodium chloride solution (5 ml) was added then the mixture was extracted 
with dichloromethane (5 ml then 10 ml) that was discarded. The aqueous layer was 
25 acidijfied using IM hydrochloric acid (10ml) then extracted with dichloromethane (2 
X 10 ml). The dichloromethane layer was dried (MgS04) and the solvent removed in 
vacuo. The residue (0.48 g) was dissolved in dimethylformamide (6 ml) then cooled 
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to 0°C before adding sodium hydride (150 mg of 60% dispersion in oil, 3.75mmol). 
The mixture was stirred for 30 minutes then polymer bound isocyanate (300 mg, 
2mmoI Ng"^) added The mixture was stirred for 2 hours at ambient temperature then 
poured into water (15 ml)- Hydrochloric acid (10 ml) was added then the product 
5 extracted into dichloromethane (2 x 10 ml), dried (MgS04) and the solvent removed 
in vacuo. The residue was dissolved in aqueous sodium hydroxide solution (IM, 10 
ml) then extracted with dichloromethane (2 x 10 ml) that was discarded. Crushed ice 
was added to the aqueous layer followed by IM hydrochloric acid (12 ml). The 
product was extracted into dichloromethane (2 x 10 ml) then dried (Na2S04) and the 
10 solvent removed in vacuo. The residue was purified by flash chromatography over 
silica gel eluting with a gradient of methanol : dichloromethane 0:1 -> 1:20. 
Appropriate fiactions were combined and the solvents removed in vacuo to leave 
2/W-(Naphthalen-l.ylmethoxy)-3-plienylpropionic acid (40 mg) as a colourless oil. 
HPLC-MS (single main W peak with Rt = 9.22mins, 307.2 [M + H]^ 329.2 [M + 
15 Na]"). 

sH (CDCI3 at 298K); 2.82-3.18 (2H, PhCIfc, m), 4.00-4.25 (IH, OCHCO, m), 4.63- 
4.81 (1H,.CH20, d, 1 1 .55 Hz), 4.92-5.10 (IH CH2O, d, /= 1 1.52 Hz), 6.90-7.86 
(12H, ArH, m), 8.78 (IH, OH, brs). 

20 

2/ZS'-(Naphthalen-l-ylmethoxy)-3-phenylpropionic add and (4S, 5R) 4-amino-5- 
methyl-dihydro-furan-S-one hydrochloride (31) were coupled as follows: 

Solutions of isobutyl chloroformate (18.6 p-l, O.Ummol) in dichloromethane (0,67 
25 ml) and 4-methyhnorpholine (3 1.6 fil, 0.29mmol) m dichloromethane (0.67 ml) were 
added simultaneously at -IS^C over 10 minutes drop-wise to a stirred solution of 
2i25'-(Naphthalen-l~ylmethoxy)-3-phenylpropionic acid (40 mg, 0.13mmol) in 
dichloromethane (0 5 ml) under argon. The solution was stirred for 15 minutes then 
(4S, 5R) 4-amino-5-methyldihydjrofuran-3-one hydrochloride (20 mg, 0.13mmol) 
30 followed by a solution of 4-methylmorpholme (14.4 p,l, 0.13mmol) in 
dichloromethane (0 3 ml) were added. The mixture was allowed to warm to 0°C over 
3 hours, stirred at ambient temperature for 20 hours then the solvents were removed 
in vacuo. The residue was pnrified by flash chromatography over silica gel eluting 
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with a gradient of ethyl acetate : heptane 1:3 -> 7:13. Appropriate fiactions were 
combined and the solvents removed in vacuo to leave (2R, 35) iV-(2-Methyl-4-oxo- 
tetrahydrofuran-3-yI>2-(naphthalen-l-ylmethoxy)-3-phenyl-propionamide as a white 
solid (28.5 mg, 3.5:1 mixture of diastereoisomers, 70%). TLC (two spots, Rf = 0.45 
5 and 0.42, efliyl acetate: heptane 7:13). 

bH (CDQs at 298K); Major isomer 1.4 (3H, CH3CH, d, / = 6.0Hz), 2.90 (IH, 
PhCHz, dd, J= 14.1, 8.0Hz), 3.15 (IH, PhCHz, dd, /= 14.1, 3.6Hz), 3.32 and 3.51 
(both IH, CH3CHCHN, ta), 3.85 (IH, OCI2CO, d, J= 17.1Hz), 4.08 (IH, OCH2CO, 

10 d, /= 17.1Hz), 4.19 (IH, OCHCO, m), 4.6 (IH, OCHzNaphlhyl, d, J= 11.8Hz), 4.90 
(IH, OCHzNaphthyl. d,J= H-SHz), 6.55 (IH, MI. 4 ^= 6Hz), 7.18-7.93 (12H, 
aromatic); Minor isomer 1.50 (3H. CHjCH, d, /= 6.0Hz), 2.94 (IH, PhCSz, m). 3.15 
(IH, PhCH2, m), 3.52 and 3.89 (both IH, CH3CHCHN, m), 4.02-4.22 (3H. OOfcCO 
and OqiCO, m), 4.6 (2H, OQizNaphlhyl, s), 6.74 (IH, NH, d, /= 6Hz), 7.18-7.93 

15 (12H, aromatic). 

EXAMPLE 50. (2^, 3S) 2-(Biphenyl-4-ylmethoxy)-4-me1hyl-pentanoic add (2- 
m^yl-4.oxo-tetrahydrofuran-3-yl>amide 




20 HPLC Rt = 20.178mins (> 95 %), HPLC-MS 396.2 [M + Hf, 813.4 [2M + Naf . 

The required ether carboxylic acid building block 2RS 2-(Bipheayl-4-yhnethoxy)-4- 
methyl-pentanoic acid was prepared as follows: 

25 (1) Preparation of 2/25'-(Biplienyl-4-yhnetho3!y)-4-metiiyl-pentanoic acid methyl 
ester 
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Sodium hydride (98.4 mg of 60% dispersion in oil, 2.46mmol) was added in two 
portions to a stirred solution of 2iS'-hydroxy-4-mefhyl-pentanoic acid methyl ester 
(300 mg, 2.05nmiol) in tetrahydrofbran (2.5 ml) at O^^C under an atmosphere of 

5 nitrogen over 5 minutes. The mixture was stirred at ambient temperature for 10 
minutes then a solution of 4-phenylben2ylchloride (830mg, 4.1mmol) followed by 
potassium iodide (25mg) was added. The mixture was stirred for 20 hoiirs then 
saturated aqueous ammonium chloride solution (40 ml) was added. The product was 
extracted into ethyl acetate (3 x 30 ml) then the combined ethyl acetate layers were 

10 washed with aqueous saturated sodium chloride solution, dried (Na2S04) and the 
solvents removed in vacuo. The residue (1.2 g) was purified by flash 
chromatography over silica gel eluting with ethyl acetate : heptane 1:20 1 : 9. 
Appropriate firactions were combined and the solvents removed in vacuo to leave 3- 
cyclohexyl-2-(furan-3-ylmethoxy)-propionic acid methyl ester (110 mg, 17.1%) as a 

15 colourless oil. TLC (single spot, Rf = 0.2, heptane : ethyl acetate 9:1), HPLC-MS 
main UVpeak with 313.1 [M + Hf. 

(2) Preparation of 2/lS'-(Biphenyl-4-ylmethoxy>4-methyl-pentanoic acid. 

20 A solution of lithium hydroxide monohydiate (0.0443 g, 1.056mmol) in water (3 ml) 
was added drop-wise over 1 minute to a solution of 2-(biphenyl-4-ylmethoxy)-4- 
me&yl-pentanpic add methyl ester (0.11 g, 0.352 Inmol) in tetrahydrofbran : 
methanol 2:1 (15 ml) at O^^C. The mixture was stirred at ambient temperature for 16 
hours then poured into saturated aqueous sodium chloride solution (10 ml). The 

25 aqueous layer was extracted with diethyl ether (2x10 ml) which was discarded. The 
aqueous layer was acidified with IM hydrochloric acid to pH (1^2), then the product 
was extracted into dichloromethane (3 x 10 ml). The combined dichloromethane 
layers were washed with water (2 x 10 ml), saturated aqueous sodium chloride 
solution (2x10 ml) then dried (Na2S04) and the solvents removed in vacuo to leave 

30 2-(biphenyl-4-ylmethoxy)-4-methyl-pentanoic acid as a colourless oil (0.048 g, 
45.69%). TLC (single UV spot, Rf = 0.2, methanol : dichloromethane 0,5:9.5), 
HPLC-MS (297.1 [M-lf , 321.1 [M + Naf , 619.3 [2M + Na]^. 
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5H (CDQa at 298K); 0.71-0.94 (6H, (CH3)2CH, two d, Jla = 6.57, Jib = 6.66 Hz, 12 
= 29.87 Hz), 1.19 (IH, OH, bs,), 1.45-1.76 (2H, CH2CH(CH3)2, m), 1.77-1.92 (IH, 
CH2CH(CH3)2, m), 2.93-4.05 (IH, CHCOOH, m), 4.37-4.48 (IH, CHiAr, d, J = 
1 1 .43 Hz), 4.64-4.75 (IH, CHjAr, d, J - 1 1.42 Hz), 7.23-7,60 (9H, ArH, m). 
5 5C (CDCI3 at 298K); 23.17 (u, (CH3)2CH), 24.81/26.13 (u, (CH3)2CH), 43.30 (d, 
CH3)2CHCH2), 74.06 (d, ArCH2), 78.02 (u, OCHCOOH), 128.77/128.91/129.03.43 
(u, Ar), 130.31/130.44 (u, Ar), 137.71 (q, Ar), 142.42/142.71 (q, Ar), 179.79 (q, 
OCO). 

27?iS'-2-(Biphenyl-4-ylmethoxy)-4-methyl-pentanoic acid and (45, 5R) 4-amino-5- 
metiiyl-dihydro-furan-3-one hydrochloride (31) were coupled as follows: 

wo-Butyl chloroformate (15.61mg, 0.1143 mmol) in dichloromefliane (2ml) and N- 
15 methyl morpholine (23.12mg, 0.2286 mmol) in dichloromethane (2inl) were 
simultaneously added were simultaneously added to a stirred solution of 2/?S'-2- 
(biphenyl-4-ylmethoxy)-4-methyl-pentanoic acid (31mg, 0.104mmol) in 
dichloromethane (2 ml) at ~15°C under argon over 5 minutes. The mixture was 
stirred at -15 °C for 15 minutes. A freshly prepared solution of (31) (15.75 mg, 
20 0.104mmol) in dichloromethane (2 ml) and 4-mefhylmorpholine (11.56 mg, 0.1143 
mmol) was then added dropwise. The mixture was then stirred at ambient 
temperature for 16 hours. The solvent was removed in vacuo to give a residue which 
was purified over silica gel eluting with a gradient of n-heptane : ethyl acetate 3:1. 
Desired fractions were combined and reduced in vacuo to leave (2R, 35) 2- 
25 (Biphenyl-4-ylmethoxy)-4-mefhyl-pentanoic acid (2-methyl-4-oxo-tetrahydroftiran- 
3-yl)-amide as an oflf-white gum (34mg, 82.7% from starting acid). TLC (siugle UV 
spot, Rf = 0.85, 10% MeOH in DCM). 

sH (CDCI3 at 298K); 0.72-0.93 (6H, (CH3)2CH2, m), L39 (3H, OCHCH3, d, J = 6.04 
30 Hz), 1.45-1.69 (2H, CH2CH(CH3)2, m), 1.73-1.89 (IH, CH2CH(CH3)2, m), 3.70-3,81 
(IH, OC3iCH3,m), 3.84-4.08 (3H, OCHCONH, COCH2O and NHCHCOCH2, m), 
4.10-4.20 (IH, COCH2O, d, J = 17.35 Hz ), 4.40-4.67 (2H, ArCH20, m), 6.71 (IH, 
NH, bs), 7.60-7.24 (9H, ArH , m). 
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sC (CDCI3 at 298K); 17.19/17.27 (u, CH3 , furanone), 19.70/19.89/19.94 (u, 
CH2CH(CH3)2), 21.38/21.43/22.74/22.79 (u, CH2CH(CH3)2), 40.42/40.59/40,80 (d, 
OCHCH2CH(CH3)2), 59.29 (u, NHCHCOCH2), 69.17/69.24 (d, ArCHzO), 
70.93/71.05/71.28 (d, COCH2), 74.68 (u, Cp), 77.11/77.22 (u, OCHCONH), 
5 125.22/125.51/125.57/125.60/125,63/126.68/126.97/127.18 (u, Ar CH), 
133.81/133.98/134.11 (q, Ar C), 138.69/138.75/139.40/139.43 (q, Ar C), 
171.99/172.23 (q, CON), 209.36/209.98/210.21/172.23 (q, COCH2). 



10 EXAMPLE 5 1 . (2/?, 35) 3-CyclohexyI-2-(fi3ran-3-ylmethoxy)-iV^(2-me%M-^^ 
tetrahydro-furan-3-yl)-propionamide 



H \\ 
o 



HPLC Rt = 17.858mms (> 90%), HPLC-MS 350.2 [M + Hf ,372.2 [M + Naf , 721.3 
[2M + Naf. 

15 

The required ether carboxylic acid biiilding block 2RS 3-Cyclohexyl-2-(furan-3- 
ylinethoxy)-propiomc acid was prepared as follows: 

(1) Preparation of 3-cyclohexyl-2-(furan-3-ylmethoxy)-propionic acid methyl ester. 

20 

Sodium hydride (204 mg of 60% dispersion in oil, 5.1nHnol) was added in two 
portions to a stirred solution of 3-cyclohexyl-2»S'-hydroxypropionic acid methyl ester 
(18) (794 mg, 4.27mmol) in tetrahydrofuran (5 ml) at O^C under an atmosphere of 
nitrogen over 5 minutes. The mixture was stirred at ambient temperature for 10 
25 minutes then a solution of 3-bromomethylfuran (2.75 g, 17.08nraiol) in 
tetrahydrofijran (1 ml) was added. The mixture was stirred for 20 hours then 
saturated aqueous ammonium chloride solution (40 ml) was added. The product was 
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extracted into ethyl acetate (3 x 30 ml) then the combined efhyl acetate layers were 
washed with aqueous saturated sodium chloride solution, dried (Na2S04) and the 
solvents removed in vacuo. The residue (2.0 g) was purified by flash 
chromatography over silica gel eluting with ethyl acetate : heptane 1:4. Appropriate 
5 fractions were combined and the solvents removed in vacuo to leave 3-cyclohexyl-2- 
(furan-3-ybnethoxy)-propiomc acid methyl ester (64 mg, 6%) as a colourless oil. 
TLC (single spot, Rf = 0.2, heptane : ethyl acetate 9:1), HPLC-MS (main UV peak 
with Rt = 10.701mins, 289.1 [M + Naf , 555.3 [2M + Naf ). 

1 0 (2) Preparation of 3-cy clohexyl-2-(furan-3-ylmethoxy)-propionic acid, 

A solution of lithium hydroxide monohydrate (0.03025 g, 0.721mmol) in water (3 
ml) was added drop-wise over 1 minute to a solution of 3-cyclohexyl-2-(furan-3- 
ylmethoxy)-propionic acid methyl ester (0.064 g, 0.240mmol) in tetrahydrofuran : 

15 methanol 2:1 (15 ml) at 0**C. The mixture was stirred at ambient temperature for 16 
hours then poured into saturated aqueous sodium chloride solution (10 ml). The 
aqueous layer was extracted with diethyl ether (2 x 10 ml) which was discarded. The 
aqueous layer was acidified with IM hydrochloric add to pH (1-2), then the product 
was extracted into dichloromethane (3 x 10 ml). The combined dichloromethane 

20 layers were washed with water (2 x 10 ml), saturated aqueous sodium chloride 
solution (2 X 10 nal) then dried (Na2S04) and the solvents removed in vacuo to leave 
Prq)aration of 3-cyclohexyl-2-(furan-3-ylmethoxy)-propiomc acid as a light yellow 
oil (0.012 g, 19.80%). TLC (single UV spot, Rf = 0.35, methanol : dichloromethane 
1:9), HPLC-MS (252.1 [M\\ 275.2 [M + Naf, 527.2 [2M + Na] ^. 

25 

2RS 3-Cyclohexyl-2-(furan-3-ylmethoxy)-propionic acid and (45, 5R) 4-anaLino-5- 
methyl-dihydro-furan-3-one hydrochloride (31) were coupled as follows: 

wo-Butyl chloroforaiate (7.15 mg, 0.0523 mmol) in dichloromethane (2 ml) and N- 
30 methyl morpholine (10.58 mg, 0.1046 mmol) in dichloromethane (2 ml) were 
simultaneously added to a stirred solution of 2RS 3-Cyclohexyl-2-(furan-3- 
ylmethoxy)-propionic acid (12.00 mg, 0.048mmol) in dichloromethane (2 ml) at - 
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15°C under argon over 5 minutes. The mixture was stirred at -15 for 15 minutes. 
A freshly prepared solution of (31) (7.21 mg, 0.048mmol) in dichloromethane (2 ml) 
and 4-methylmorpholine (5.29 mg, 0.0523 nunol) was then added dropwise. The 
mixture was then stirred at ambient temperature for 16 hours. The solvent was 
5 removed in vacuo to give a residue which was purijSed over silica gel eluting with a 
gradient of n-heptane : ethyl acetate 3:1. Desired fractions were combined and 
reduced in vacuo to leave (2R, 35) 3-Cyclohexyl-2-(furan-3-ylmethoxy)-N-(2- 
methyl-4-oxo-tetrahydro-furan-3-yl)-propionarnide as an off-white gum (6 mg, 
SSJlYo from starting acid). TLC (single spot, Rf = 0.8, methanol : dichloromethane 

10 1:9), analytical 

6H (CDCI3 at 298K); 0.70-0.95 (2H, CH2 (cyclohexyl), m), 1.02-1.25 (2H, CH2 
(cyclohexyl), m ), 1.38 (3H, OCHCH3, d, J = 6.12 Hz), 1.45-1.70 (8H, CH, CH2 
(cyclohexyl), m), 3.70-3.79 (IH, 0CHCH3,m), 3.80-4.08 (3H, OCHCONH, 
COCH2O and NHCHCOCH2, m), 4.14-4.23 (IH, COCH2O, d, J = 17.20 Hz ), 4.30- 

15 4.46 (2H, 3-Furan-CIfcO, m), 6.35 (IH, 2-Furan-CH, s ), 6.76 (IH, NH, bs), 7.37 
(2H, 4 and 5-Furan-CH, d, J = 1.67 Hz). 

EXAMPLE A. Assays for Cysteine Protease Activity 

20 The compoimds of this invention may be tested in one of a nmnber of literature based 
biochemical assays that are designed to elucidate the characteristics of compound 
inhibition. The data from these types of assays enables compound potency and the 
rates of reaction to be measured and quantified. This information, either alone or in 
combination with other information, would allow the amount of compound required 

25 to produce a given pharmacological effect to be determined. 

General materials and methods 

Unless otherwise stated, all general chemicals and biochemicals were purchased 
30 from either the Sigma Chemical Company, Poole, Dorset, U.K. or from Fisher 
Scientific UK, Loughborough, Leicestershire, U.K. Absorbance assays were carried 
out in flat-bottomed 96-well plates (Spectra; Greiner Bio-One Ltd., Stonehouse, 
Gloucestershire, U.K.) using a SpectraMax PLUS384 plate reader (Molecular 
Devices, Crawley, U.K.). Fluorescence high throughput assays were carried out in 
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either 384-weli microtitre plates (Coming Costar 3705 plates, Fisher Scientific) or 
96-weII *U* bottomed Mcrofluor Wl microtitre plates (Thermo Labsystems, 
Ashford, Middlesex, U.K.). Fluorescence assays were monitored using a 
SpectraMax Gemini fluorescence plate reader (Molecular Devices). For substrates 
5 employing either a 7-aniino-4-methylcoumarin (AMC) or a 7-amino-4- 
trifluoromethylcoumarin (AFC) fluorophore, assays were monitored at an excitation 
wavelength of 365 nm and an emission wavelength of 450 nm and the fluorescence 
plate reader calibrated with AMC. For substrates employing a 3-amino-benzoyl 
(Abz) fluorophore, assays were monitored at an excitation wavelength of 310 nm and 

10 an emission wavelength of 445 imi; the fluorescence plate reader calibrated with 3- 
amino-benzamide (Fluka). Unless otherwise indicated, all the peptidase substrates 
were purchased from Bachem UK, St. Helens, Merseyside, UK. Substrates utilisdng 
fluorescence resonance energy transfer methodology (Le. FRET-based substrates) 
were synthesized at Incenta Limited using published methods (Atherton & Sheppard, 

15 Solid Phase Peptide Synthesis, IRL Press, Oxford, U.K, 1989) and employed Abz 
(2-aminobenzoyl) as the fluorescence donor and 3-nitro-tyrosine [Tyr(N02)] as the 
fluorescence quencher (Meldal, M. and Breddam, K., Anal. Biochem., 195, 141-147, 
1991). Hydroxyethylpiperazuie ethanesulfonate (HEPES), tris-hydroxyhnethyl 
aminomethane (tris) base, bis-tris-propane and all the biological detergents {e,g, 

20 CHAPS, zwittergents, etc.) were purchased from CN Biosciences UK, Beeston, 
Nottinghamshire, U.K. Glycerol was purchased from Amersham Pharmacia Biotech, 
Little Chalfont, Buckinghamshire, U.K Stock solutions of substrate or inhibitor 
were made up to 10 naM in 100 % dimethylsulfoxide (DMSO) (Rathbums, Glasgow, 
U.K.) and diluted as appropriately required. In all cases the DMSO concentration in 
25 the assays was maintained at less than 1% (voUvoL). 

Assay protocols were based on literature precedent (Tablel ; Barrett, A. J., Rawlings, 
N.D. and Woessner, J.F., 1998, Handbook of Proteolytic Enzymes, Academic Press, 
London and references therein) and modified as required to suit local assay 
30 protocols. Enzyme was added as required to initiate the reaction and the activity, as 
judged by the change in fluorescence upon conversion of substrate to product, was 
monitored over tune. All assays were carried out at 25il°C. 
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Table 1. The enzyme assays described herein were carried out according to 
literature precedents. 



Enzyme 


Butler 


Substrate 


jveicrencc 


Uatnepsin B 


T 
I 


'7 Til. ^ A — ^ A TV Xf^ 

Z-Pne-Arg-AMC 


a,b 


Cathepsin H 


TT 
11 


Bz-Pne-Val-'Arg-AMC 


a,b 


Uatnepsm L 


T 
I 


Ac-Pne-Arg-AMC 


b,c 


uamepsm S 


T 
I 


Boc-Val-Leu-Lys-AMC 


c,d 


Caspase 1 


TTT 

ni 


Ac-Leu-Glu-His-Asp-AMC 


e 


Caspase 2 


TTT 

ni 


Z-Val-Asp-Val-Ala-Asp-AFC 


I 


Caspase 3 


TTT 

in 


Ac-Asp-Glu-Val-Asp-AMC 




L^oSpoSe 'r 


TTT 
111 


o uc- 1 yr- V ai-Aia- ASp- AMU 


I 


Caspase 5 


m 


Ac-Leu-Glu-His-Asp-AMC 




Caspase 6 


m 


Ac-Val-Glu-Ile-Asp-AMC 




Caspase 7 


TTT 

ni 


Ac-Asp-Glu-Val- Asp-AMC 




Caspase 8 


TTT 

in 


A ^ Tl^ /^t„ T*I— A — ^ A X jT/^ 

Ac-Ile-Glu-Thr-Asp-AMC 


1 
1 


Caspase 9 


m 


Ac-Leu-Glu-His-Asp-AMC 




Caspase 10 


m 


Ac-Ile-Glu-Thr-Asp-AMC 




Cmzipain 


IV 


D-Val-Leu-Lys-AMC 




CPB2.8ACTE 


XI 


Pro-Phe-Arg-AMC 


q 


iSl Aureus 
Extracellular 
cysteine peptidase 


I 


Abz-Ile-Ala-Ala-Pro- 
Tyr(N02)-Glu-NH2 


0 


Clostripain 




Z-Gly-.Gly-Arg-AMC 


P 


FMDVLP 


V 


Abz-Arg-L3rs-Leu-Lys-Gly- 
Ala-Gly-Ser-Tyr(N02)-Glu- 
NH2 


r 


Trypsin 


VI 


Z-Gly-Gly-Arg-AMC 


s 


Calpain p. 


vn 


Abz-Ala-Asn-Leu-Gly-Arg-Pro- 
Ala-Leu-Tyr(N02)-Asp-NH2 


t 


Calpainm 


vin 


Abz-Lys-Leu-Cys(Bzl>Phe-Ser- 
Lys-Gln-Tyr(N02)-Asp-NH2 


t 
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CafhepsinK 


DC 


Z-Phe-Arg-AMC 


u 


CafhepsinX 


X 




v,w 



1: 10 mM BTP, pH 6.5 containing 1 mM EDTA, 5 mM 2-mercaptoethanol and 1 mM 
CaCl2 

n: 10 mM BTP, pH 6.5 containing 1 mM EDTA, 142 mM NaCl, 1 mM DTT, 1 mM 
5 CaCl2, 0.035 mM Zwittergent 3-1 6 

m: 50mM HEPES pH 7.2, 10% Glycerol, 0.1% CHAPS, 142 mM NaCl, 1 mM 

EDTA,5mMDTT 

IV: 100 mM sodium phosphate, pH 6.75 containing 1 mM H>TA and 10 mM L- 
cysteine 

10 V: 50 mM trisacetate, pH 8.4 containing 1 mM EDTA, 10 mM L-cysteine and 
0.25% (w/v) CHAPS 
VI: 10 mM HEPES, pH 8.0 containing 5 mM CaCU 

VII: 10 mM HEPES, pH 7.5 containing 2 mM 2-mercaptoefhanol and 100 yM C&Ch 
VSE: 10 mM HEPES, pH 7.5 containing 2 mM 2-mercaptoethanol and 200 \iM 
15 CaQz 

IX: 100 mM sodivmi acetate; pH 5.5 containing 10 mM L-cysteine and 1 mM EDTA 
X: 100 mM sodium acetate; pH 5.5 containing 10 mM L-cysteine; 0.05% (w/v) Brij 
35 and ImM EDTA 

XI: 100 mM sodium acetate; pH 5.5 containing 10 mM L-cysteine; 142 mM sodium 
20 chloride and 1 mM EDTA 

" Bairett, A.J., Biochem. J., 187, 909-912, 1980 
''Barrett, A.J. and Kirschke, H., Methods EnzymoL, 80, 535-561, 1981 
Quibell, M. and Taylor, S., WO0069855, 2000 
25 ''Bromme, D., Steinert, Freibe, S., Fittkau, S., Wiederanders, B., and Kirschke, H., 
Biochem. J., 264, 475-481, 1989 
*Rano, T.A., et. al.Chem. Biol, 4, 149, 1997 
^Talanian, R.V., et. al, J. Biol. Chenu, 212, 9677, 1997 

*Lazebnik, YA., Kaufinann, S.H., Desnoyers, S., Poker, G.G. and Eamshaw, W.C., 
30 Nature., 371, 768-774, 1994 
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''Han, Z., et. al, J. Biol Chem,, TJ2, 13432, 1997 
' Takahashi, A., et aL, PNAS, 93, 8395, 1996 
^ Martins, L.M., et al, J. Biol Chem., 272, 7421, 1997 
^Nagata, S., CelL, 88, 355, 1997 
5 ^ Harris, J.L., et al, 1 Biol Chem., 273, 27364, 1998 

" Cazzulo, JJ., Cazzulo Franke, M.C., Martinez, J. and Franke de Cazzulo, B.M., 

Biochim. Biophys. Acta., 1037, 186-191, 1990 
° Cazzulo, JJ., Bravo, M., Raimondi, A., Engstrom, U., Lindeberg, G. and Hellman, 

U., CellMol Biol, 42, 691-696, 1996 
^10 ° Potempa, J., Dubin, A., Korzus, G. and Travis, J., Biochem. 263, 2664-2667, 

1988 

P Kembhavi, A.A., Buttle, D.J., Rauber, P. and Barrett, AJ., FEBS Lett, 283, 277- 
280, 1991 

Alves, L.C., et al, Mol Biochem. Parasitol, 116, 1-9, 2001. 
15 ' Guam6, etal, /. Mol Biol, 3^ 1227-1240, 2000. 

^ Halfon and Craik,- (Barret, Rawlings and Woessner, eds.), in Handbook of 

Proteolytic En^mes, Academic Press, London, 12-21, 1998. 
* Sasaki, et al, (1984),/. Biol Chem., 259, 12489-12494, 1984. 
"Bossard, M.J., et al,,J.Biol Chem., 21, 12517-12524, 1996 
20 ^ Santamaria, I., et al, J. Biol Chem., 273, 16816-16823, 1998 
Klemendc, J, et al, EurJ.Biochem.^ 267,5404-5412, 2000 

Trypanosoma cruzi cmzipain peptidase activity assays 

25 Wild-type cmzipain, derived from Trypanosoma cruzi Dm28 epimastigotes, was 
obtained from Dr. Julio Scharfstein (Instituto de Biofisica Carlos Oiagas Filho, 
Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil). Activity assays 
were carried out in 100 mM sodium phosphate, pH 6.75 containing 1 mM EDTA and 
10 mM L-cysteine using 2.5 nM enzyme. Ac-Phe-Arg-AMC {Ku^ « 12 |iM) and D- 

30 Val-Leu-Lys-AMC {Ku^ « 4 jiM) were used as the substrates. Routinely, Ac-FR- 
AMC was used at a concentration equivalent to ^m^^^ and D-Val-Leu-Lys-AMC was 
used at a concentration of 25 jiM. The rate of conversion of substrate to product was 
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derived from the slope of the increase in fluorescence monitored continuously over 
time. 

Leishmania mexicana cysteine protease B (CPB) peptidase activity assays 

5 

Wild-type recombinant CPB without the C-tenninal extention (/.e. CPB2.8ACTE; 
Sanderson, SJ., et. al, Biochem. J., 347, 383-388, 2000) was obtained from Dr. 
Jeremy Mottram (Wellcome Centre for Molecular Parasitology, The Anderson 
College, University of Glasgow, Glasgow, U.K.). Activity assays were carried out in 

10 100 mM sodium acetate; pH 5.5 containing 1 mM EDTA; 200 mM NaCl and 10 mM 
DTT (Alves, L.C., et al, Mol Biochem. Parasitol, 116, 1-9, 2001) using 0.25 nM 
enzyme. Pro-Phe-Arg-AMC {Ku^^^ ~ 38|iM) was used as the substrate at a 
concentration equivalent to Ku"^^, The rate of conversion of substrate to product was 
derived from the slope of the increase in fluorescence monitored continuously over 

15 time. 

Cathepsin peptidase actrvity assays 

Bovine cathepsin S, human cathepsin L, human cathepsin H and human cathepsin B 
20 were obtained from CN Biosciences. Recombinant human cathepsin S, human 
cathepsin K and human cathepsin X were obtained from Dr. Boris Turk (Josef Stefan 
Institute, Ljubljana, Slovenia). Unless otherwise stated, all peptidase activity assays 
were carried out in 1 0 mM bis-tris-propane (BTP), pH 6.5 containing 1 mM EDTA, 
5 mM 2-mercaptoethanol and 1 mM CaCla. Human cathepsin H activity assays were 
25 carried out in 10 mM BTP pH 6.5, 142 mM NaClj, 1 mM CaCh, 1 mM EDTA, 1 
mM DTT, 0.035 mM Zwittergent 3-16. Human cathq)sin K assays were carried out 
in 100 mM sodium acetate; pH 5.5 containing 20 mM L-cysteine and 1 mM EDTA 
(Bossard, M.J., et al, J. Biol Chent, 21, 12517-12524, 1996). Human cathepsin X 
assays were carried out in 100 mM sodium acetate; pH 5.5 containing 20 mM L- 
30 cysteine; 0.05% (w/v) Brij 35 and 1 mM EDTA (Santamaria, I., et al, J. Biol 
Chem., 273, 16816-16823, 1998; Klemencic, J, et al, Eur, J. Biochem., 267, 5404- 
5412, 2000). The final enzyme concentrations used in the assays were 0.5 nM 
bovme cathepsin S, 1 nM cathepsin L, 0.1 nM cathepsin B, 0.25nM Cathepsin K; 1 
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nM cathepsin X and 10 nM cathepsin H. For the inhibition assays, the substrates 
used for cathepsin S, cathepsin L, cathepsin B, cathepsin K and cafhepsin H were 
boc-Val-Leu-Lys-AMC (Ku"^^ ^ 30 iiM), Ac-Phe-Arg-AMC (Km^'' - 20 ^iM), Z- 
Phe-Arg^AMC (Kf/^ ^ 40 \xU), Z-Leu-Arg-AMC (Ku^^^ ^ 2\iM)\ Bz-Phe-Val-Arg- 
5 AMC (Ki/^^ - 150 liM) respectively. In each case the substrate concentration used 
in each assay was equivalent to the Ki/^^. The rate of conversion of substrate to 
product was derived from the slope of the increase in fluorescence monitored 
contmuously over time. 

10 Trypsin p eptidasft flr>tivit Y assays 

Human pancreatic trypsin (iodination grade; CN Biosciences) activity assays were 
carried out in 10 mM HEPES, pH 8.0 containing 5 mM CaCl2 using 0.1 nM trypsin. 
For the inhibition assays, Z-Gly-Gly-Arg-AMC {Ki/^^ ^ 84 [iM) was used as the 
15 substrate at a concentration equivalent to Ku^^- The rate of conversion of substrate 
to product was derived from the slope of the increase in fluorescence monitored 
continuously over time. 

Clostrioain pe^H^^^^ ^rfxyity assays 

20 

Clostripain (Sigma) activity assays were carried out in 10 mM BTP, pH 6.5 
containing 1 mM EDTA, 5 niM 2-mercaptoethanol and ImM CaCU using 0.3 nM 
enzyme. For the inhibition assays, Z-Gly-Gly-Arg-AMC (K^/^^ ^ 100 ^M) was used 
as the substrate at a concentration equivalent to K}/^^- The rate of conversion of 
25 substrate to product was derived from the slope of the increase in fluorescence 
monitored continuously over time. 

Calpain peptidagft ^^^ntY a^ssavs 

30 Calpain (hxmian erytbrocj^e |a.-calpain and porcine kidney m-calpain; CN 
Biosciences) activity assays were carried out in 10 mM HEPES, pH 7.5 containing 2 
niM 2-mercaptoethanol and CaCl2 using 25 nM of either en2yme (Sasaki, et, al, 1 
BioL Chem,, 259, 12489^12494 1984). For ji-calpain inhibition assays, the buffer 
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cx)ntained 100 jiM CaCk and Ab2-Ala-Asn-Leu-Gly-Arg-Pix)-Ala-Leu-Tyr(N02)- 
Asp-NHa (^M^^ ~ 20 [iM; Incenta Limited) was used as the substrate. For m-calpain 
inhibition assays, the assay buffer contained 200 |iM CaCk and Abz-Lys-Leu- 
Cys(Bzl)-Phe"Ser-Lys-Gto-Tyr(N02)-Asp-NH2 {Km^^^ - 22 iiM; Incenta Limited) 
5 was used as the substrate. In both cases the substrate concentration employed in the 
assays was equivalent to the Kt/^^- The rate of conversion of substrate to product 
was derived from the slope of the increase in fluorescence monitored continuously 
over time. 

10 Extracellular S, aureus V8 cysteine peptidase (staphvlopain) peptidase activity 
assays 

iS. aureus V8 was obtained from Prof. S. Arvidson, Karolinska Institute, Stockholm, 
Sweden. Extracellular S. aureus V8 cysteine peptidase (staphylopain) activity assays 

15 were carried out using partially purified S. aureus V8 culture supernatant (obtained 
from Dr. Peter Lambert, Aston University, Birmingham, U.K.). Activity assays were 
carried out in 10 mM BTP, pH 6.5 containing 1 mM EDTA, 5 mM 2- 
mercaptoethanol and ImM CaCl2 using two-times diluted partially purified extract. 
For the inhibition assays, Abz-Ile-Ala-Ala-Pro-Tyr(N02)-Glu-NH2 (Ku^^ ^ 1 17 ixM; 

20 Incenta Limited) was used as the substrate at a concentration equivalent to Km^^^- 
The rate of conversion of substrate to product was derived from the slope of the 
increase in fluorescence monitored continuously over time. 

Foot-and-mouth disease leader peptidase (FMDV-LP) activity assays 

25 

Recombinant wild-type FMDV-LP was obtained from Dr. Tim Skem (Institut fur 
Medizinische Biochemie, Abteilimg fur Biochemie, Universtat Wien, Wien, Austria). 
Activity assays were carried out in 50 mM trisacetate, pH 8.4 containing 1 mM 
EDTA, 10 mM L-cysteine and 0.25% (w/v) CHAPS using 10 nM enzyme. For the 
30 inhibition assays, Abz-Arg-Lys-Leu-Lys-Gly-Ala-Gly-Ser-Tyr(N02)-Glu-NH2 
(K}/^^ ^51 jLxM, Incenta Limited) was used as the substrate at a concentration 
equivalent to Ki/^^. The rate of conversion of substrate to product was derived from 
the slope of the increase in fluorescence monitored continuously over time. 
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Caspase peptidase activity assays 

Caspases 1-10 were obtained from CN Biosciences or BioVision Inc. (Mountain 
5 View, CA, USA) and all assays were carried out in 50mM HEPES; pH 7.2, 10% 
(v/v) glycerol, 0.1% (w/v) CHAPS, 142 mM NaCl, 1 mM EDTA, 5 mM 
ditiiiothreitol (DTT) using 0.1-1 U per assay. For caspase 1, Ac-Leu-Glu-ffis-Asp- 
AMC was used as the substrate; for caspase 2, Z-Val-Asp-Val-Ala-Asp-AFC was 
used as the substrate; for caspase 3, Ac-Asp-Glu-Val-Asp-AMC was used as the 
10 substrate; for caspase 4, Suc-Tyr-Val-Ala-Asp-AMC was used as the substrate; for 
caspase 5, Ac-Leu-Glu-His-Asp-AMC was used as the substrate; for caspase 6, Ac- 
Val-Glu-Ile-Asp-AMC was used as the substrate; for caspase 7, Ac-Asp-Glu-Val- 
Asp-AMC was used as the substrate; for caspase 8, Ac-Ile-Glu-Tbr-Asp-AMC was 
used as the substrate; for caspase 9, Ac-Leu-Glu-His-Asp-AMC was used as the 
15 substrate; for caspase 10, Ac-Ile-Glu-Thr-Asp-AMC was used as the substrate 
(Nicholson, D.W. and Thomberry, N.A., TIBS, 21, 299-306, 1997; Stennicke, H.R. 
and Salvesen, G.S., J. Biol Chem., 272(41), 25719-25723, 1997; Talanian, R.V., et 
al, 1 Biol Chent, 272(15), 9677-9682, 1997; Wolf, B.B. and Green, D.R., J. Biol 
Chem., 274(29), 20049-20052, 1999). The rate of conversion of substrate to product 
20 was derived from the slope of the increase in fluorescence monitored continuously 
overtime. 

Measurement of the a pparent macroscopic binding flVLichaelis) constant s (Km^^^) for 
substrates 

25 

The apparent macroscopic binding constant {Ku^^ for each substrate was calculated, 
from the dependence of enzyme activity as a function of substrate concentration. 
The observed rates were plotted on the ordinate against the related substrate 
concentration on the abscissa and the data fitted by direct regression analysis (Prism 
30 V 3.02; GraphPad, San Diego, USA) using Equation 1 (Comish-Bowden, A. 
Fundamentals of enzyme kinetics Portland Press; 1995, 93-128.). 
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app 



V, =- 



app 



(1) 



In Equation 1 'vi' is the observed initial rate, 'Vj^^^^' is the observed maximum 
activity at saturating substrate concentration, *£m"''^' is title apparent macroscopic 
5 binding (Michaelis) constant for the substrate, '[SJ' is the initial substrate 
concentration. 



Measurement of the inhibition constants 

10 The apparent inhibition constant (iTO for each compound was determined on the basis 
that inhibition was reversible and occurred by a pure-competitive mechanism. The 
K\ values were calculated, from the dependence of enzyme activity as a function of 
inhibitor concentration, by direct regression analysis (Prism v 3.02) using Equation 2 
(Comish-Bowden, A., 1995.). 

15 



In Equation 2 'Vi' is the observed residual activity, ^Fmax^^^' is the observed 
maximum activity (i.e. in the absence of inhibitor), ^K^^^' is the apparent 
20 macroscopic binding (Michaelis) constant for the substrate, '[SJ' is the initial 
substrate concmtration, is the apparent dissociation constant and '[I]' is the 
inhibitor concentration. 

In situations where the apparent dissociation constant (^i^^^) approached the enzyme 
concentrations, the K\^^ values were calculated using a quadratic solution in the form 
25 described by Equation 3 (Morrison, J.F. Trends Biochem, ScL,J_, 102-105, 1982; 
Morrison, J.F. Biochim. Biophys, Acta^ 185, 269-286, 1969; Stone, S.R. and 
Hofsteenge, J. Biochemistiy, 25, 4622-4628, 1986). 



F{E^ -Kr -^^(E^-I^-K^f^^^r^K} 



(3) 
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Kr-K^ilHSoVK^'^n (4) 

In Equation 3 'vi' is the observed residual activity, 'F' is the difference between the 
5 maximum activity (Le. in the absence of inhibitor) and minimum enzyme activity, 
*Eo' is the total enzyme concentration, 'Ji^^P' is the apparent dissociation constant 
and %' is the inhibitor concentration. Curves were fitted by non-linear regression 
analysis (Prism) using a fixed value for the enzyme conceatration. Equation 4 was 
used to account for the substrate kinetics, where 'Ki is the inhibition constant, *ISol' 
10 is the initial substrate concentration and 'Km^^^ is the apparent macroscopic binding 
(Michaelis) constant for the substrate (Morrison, 1982), 

The second-order rate of reaction of inhibitor with enzyme 

15 Where applicable, the concentration dependence of the observed rate of reaction 
(Abbs) of each compound with enzyme was analysed by determining the rate of 
enzyme inactivation under pseudo-first order conditions in the presence of substrate 
(Morrison, J.F., UBS, 102-105, 1982; Tian, W.X. aad Tsou, C.L., Biochemistry, 21, 
1028-1032, 1982; Morrison, J.F. and Walsh, C.T., firom Master (Ed.), Advances in 

20 EnzymoL, 61, 201-301, 1988; Tsou, C.L., firom Meister (Ed.), Advances in Enzymol, 
61, 381-436, 1988;). Assays were carried out by addition of various concentrations 
of inhibitor to assay buffer containing substrate. Assays were initiated by the 
addition of enzyme to the reaction mixture and the change in fluoresc^ce monitored 
over time. During the course of the assay less than 10% of the substrate was 

25 consumed. 

F-V+^^^ — dL J+£> (5) 

^obs 

The activity fluorescence progress curves were fitted by non-linear regression 
analysis (Prism) using Eq. 5 (Morrison, 1969; Morrison, 1982); where 'F' is the 
30 fluorescence response, *t' is time, 'Vo' is flie initial velocity, 'Vj' is the equilibrium 
steady-state velocity, 'ifcbbs' is the observed pseudo first-order rate constant and *D' is 
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the intercept at time zero the ordinate displacement of the curve). The second 
order rate constant was obtained ftom tiie slope of the line of a plot of kohs versus the 
inhibitor concentration (i.e. fcobs/P]). To correct for substrate kinetics, Eq. 6 was 
used, where '[So]' is the iniitial substrate concentration and 'Ku^^' is the ^parent 
5 macroscopic binding (Michaelis) constant for the substrate. 

'^inaet ~ W 

Compounds of the invention were tested by the above described assays and observed 
10 to exhibit cruzipain inhibitory activity or inhibitory activity against an alternative CA 
CI cysteine protease with an in vitro Ki inhibitory constant of less than or equal to 
lOO^iM. Exemplary inhibition data for a number of example compounds of the 
invention are given in table 2. 

15 Table 2. Exemplary inhibition data (Ki expressed as [xM). 



EXAMPLE 


Cruzipain 


Bovine 
CafhepsinS 


Human 
Cathepsin L 


Human 
CathepsinK 


22 


<5 


>50 


>100 


>5 


46 


>10 


>20 


>5 


<1 


49 


>100 


>100 


<10 


>100 


4 


>100 


<10 


>100 


>100 
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CLAIMS 

1 . A compotmd according to general formula (I): 

5 

R2 

(I) 

wherein: = Co.7-alkyl (when C = 0, is simply hydrogen), Ca-e-cycloalkyl or 
Ar-Co.7-alkyl (when C = 0, is simply an aromatic moiety Ar); 

10 R^= Ci-7-alkyl,C3-6-cycloalkylorAr-Co.7-alkyl; 

Y = CHR^-CO or CR^R^-CO where R^ and R"^ are independently chosen 
from Co-7-alkyl, Cs^-cycloalkyl and Ar-Co-7-alkyl, or Y represents 



15 




where L is a number from one to four and R^ and R^ are independently 
chosen from CR^R^ where R^ and R^ are independently chosen from Co-7- 
alkyl, C3-6-cycloal]cyl, Ar-Co.7-alkyl or halogen; and for each R^ and R^ 
20 either R^ or R* (but not both R^ and R^) may additionally be chosen fix)m 

O-Co-7-alkyl, O-Cs-e-cycloalkyl, O-Ar-Co-7-alkyl, S-Q).7-alkyl, S-C3-6- 
cycloalkyl, S-Ar-Co-7-alkyl, NH-^Co-7-alkyl, NH-Ca^-cycloalkyl, NH-Ar- 
Co.7-alkyl, N-(Co.7-alkyl)2, N-(C3^-cycloalkyl)2, andN-(Ar-Co.7-alkyl)2; 



25 
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(X)o = CR^R^^ where and R*** are indepeadently chosen &om C0.7- 
alkyl, C3-6-cycloalkyl and Ar-Co-7-alkyl and 0 is a number from zcto to 
three; 

5 (\v)„ = O, S, C(0), S(0) or S(0)2 or, when o is one or greater, NR^\ 

where R^^ is chosen from Co-7-alkyl, Cs-e-cycloalkyl and Ar-Co.7-alkyl 
and n is zero or one; 

(V)m = C(0), C(S), S(0), S(0)2, S(0)2NH, 0C(0), NHC(O), NHS(O), 
10 NHS(0)2, OC(0)NH, C(0)NH or CR^^R^^ where R^^ and R^^ are 

independently chosen from Co-7-alkyl, Cs^-cycloalkyl, Ar-Co.7-alkyl and 
m is a number from zero to three, provided that when m is greater than 
one, (V)m contains a maximum of one carbonyl or sulphonyl group; 

15 Z = O (in which case compounds of general formula (I) may be named 

as (2-alkyl-4-oxo-tetrahydrofuran-3-yl)amides), 
S (in which case compounds of general formula (I) may be named 
as (2-allcyl-4-oxo-tetrahydrothiophen-3-yl)amides), or 
CH2 0^ which case compounds of general formula (I) may be 
20 named as (2-alkyl-5-oxocyclopentyl)amides); 

U = a stable 5- to.7-membered monocyclic or a stable 8- to 1 1-membered 
bicyclic ring which is either saturated or imsaturated and which includes 
zero to four heteroatoms (as detailed below): 

25 
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wherein R*"* is chosen from: 

Co-7-alkyl, Cs^-cycloalkyl, Ar-Co-7-alkyl, halogen, O-Co-7-alkyl, O- 
C3.6-cycloalkyU O-Ar-Co-7-alkyl, S-Co.7-alkyl, S-Cs^-cycloalkyl, S- 
Ar-Co-7-aIkyl, NH-Co.7-alkyl, NH-C3-6"Cycloalkyl, NH-Ar-Co.7- 
alkyl, N-(Co.7-alkyl)2, N-(C3^-cycloalkyl)2 and N-(Ar-C0-7-alkyl)2; 

A is chosen firom: 

CH2. CHR^"^, O, S and NR^\ where R^"^ is as defined above and 
where R^^ is chosen from Co-7-alkyl, Cs^-cycloalkyl and Ar-Co.?- 
alkyl; 

B, D and G are independently chosen from: 
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CR^^ wh^ R^"* is as defiaed above, or N; 

E is chosen from: 

CH2, CHR^^ O, S and m}\ where R^"^ and R^^ are defined as 
5 above ; 

J, L, M, R, T, T2, T3 and T4 are independently chosen from: 
CB}^ and N, where R^"^ is as defined above; 

10 T5 is chosen from: 

CHor, only whenm + n+o^ 1, T5 may additionally be N; 

q is a number from one to three, thereby defining a 5-, 6- or 7-membered 
ring. 

15 

2. A compound as claimed in claim 1 wherein R^ comprises Co-7-alkyl or Ar-Co-7- 
alkyL 

3, A compound as claimed in claim 2 wherein R^ is selected fix)m hydrogen or 
20 one of the following moieties: 




4. A compound as claimed in any one of claims 1 to 3 wherein R^ is Ci-7-alkyl or 
25 Ar-Co.7-alkyl. 

5. A compound as claimed in claim 4 wherein R^ is selected from one of the 
following moieties: 
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OH NHSOjMe , cONH, 

wherein R^"^ and R^^ are as defined previously. 

5 6. A compound as claimed in any one of claims 1 to 5 in which Z represents an 
oxygen atom. 

7. A compound as claimed in any one of claims 1 to 6 wherein Y is CHR'^CO 
where R"* is selected from Co.7-alkyl or Ar-Co.7-alkyl; or wherein Y comprises a 
10 group: 




where R^ and R^ are each CR^R* and each R^ and R^ is, independently, selected from 
Co.7-aIkyl or Ar-Co-y-alkyl. 

15 

8. A compound as claimed in any one of claims 1 to 6, wherein Y is CHR'^CO 
where R^ is selected from Cs-e-cycloalkyl. 



9. A compound as claimed in claim 1 wherein Y is selected from one of the 
20 following moieties; 
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wherein R^^ and R^^ and Ar are as defined previously. 

10. A compotmd as claimed in any one of claims 1 to 6, wherein Y is CHR'^CO 
where R"* is Ar-CH2-, where the aromatic ring is an optionally substituted phenyl or 
monocyclic heterocycle. 

11. A compound as claimed in any one of claims 1 to 6, wherein Y is CHR'^CO 
where R"^ represents a simple branched alkyl group or a straight heteroalkyl chain. 

12. A compound as claimed in any one of claims 1 to 6, wherein Y is CHR'^CO 
where the R"* group <x)mprises cyclohexylmethyl. 
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13. A compound as claimed in any one of claims 1 to 6, wherein Y is selected jfrom 
the following: 




wherein R and Ar are as defined previously. 

5 

14. A compound as claimed in any one of claims 1 to 13 wherein, in the group 
(X)o, X is CR*R^ and each of and R^° is selected from Co.7-aJkyl or Ar-Co.7-alkyl 

15. A compound as claimed in any one of claims 1 to 14, wherein (X)o is one of 
10 the following moieties: 
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16. A compound as claimed in any one of claims 1 to 14, wherein (X)o a simple 
alkyl group and where o = 0 or 1. 

17. A compound as claimed in any one of claims 1 to 16 wherein, in the group 
5 (W),: 

W is O, S, SO2, SO, C(0) or when o is one or greater, NR^\ where R^^ is Co^- 
alkyl; and n is 0 or 1. 

18. A compound as claimed in any one of claims 1 to 16 wherein, in the group 
10 (W),: 

W is O, S, SO2, C(0) and n is 0 or 1 . 

19. A compound as claimed in any one of claims 1 to 18 wherein, in the group 

15 V is C(0), C(0)NH or CHR", where R^^ is C(M-aIkyl; and 

misOor 1. 

20. A compound as claimed in any one of claims 1 to 19 wherein the combination 
(V)ni and (W)m is one of the following: 
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U/(X)o 


U''°^(X)o 






r = 0 


"n" = 1 


■n' = 


1 


i'= 0 


■W'= 0 


•W" = 


0 




•m'= 0 


•v = 








•m' = 


1 



U^5 



'(X)o 



•n'= 1 
•W = S 

'V = CH(CH3) 
•m' = 1 



'n'= 1 
W = SO2 

V = CH(CH2CH3) 
'm'= 1 



•n* = 0 
'V'= CfO) 



•n'= 1 
•W = O 

V = C(0) 
'm' = 1 



(X)o> 0 



'(X)o 



R11 = H 
•v = C(0) 



21. A compound as claimed in any one of claims 1 to 19 wherein the combination 
(X)o, (V)m and (W)xn is one of the following: 

'Ox 

OOo = (X)o = (X)o = (X)o = (X)o = 'CH^' 

(W)„-'0' (W)„-'0' (W)„='S' (W)a-*so2' (W),-'C(oy 

(vXp^-qoy (V)„«CH2« (VXa^-CHj' 00^=^2' cv)n.='-' 

5 22. A compound as claimed in any one of claims 1 to 21 wherein U comprises an 
optionally substituted 5- or 6-membered saturated or unsaturated heterocycle or an 
optionally substituted saturated or unsaturated 9- or 10-membered heterocycle. 



23. A compound as claimed in claim 22 wherein U comprises one of the following: 



10 
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^"Co- -Cc^ --co- 







a 


3^" 





















•R14 




R14 




R14 





5 wherein R^^ is as defined previously. 

24. A compoiiad as claimed in any one of claims 1 to 21 wherein U comprises a 
bulky alkyl or aryl group at the para position of an aiyl Ar. 

10 25. A compound as claimed in any one of claims 1 to 21 wherein U comprises a 
meta or para-biaiyl Ar- Ar, where Ar is as previously defined. 



26. A compound as claimed in any one of claims 1 to 21 wherein U comprises a 
6,6 or 6,5 or 5,6-fiised aromatic ring. 



15 
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27. A compound as claimed in any one of claims 1 to 21, wherein U represents a 
group: 




5 wherein R^"^, D, E, G, J, U M, R, T, T2, T3 and T4 are as defined previously. 

28. A compound as claimed in any one of claims 1 to 21, wherein U represents a 
group 




15 
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29. A compound as claimed in any one of claims 1 to 21, wherein U represents a 
group 



wherein , D, E, G, J and L are as defined previously. 

5 

30. A method of validating a known or putative cysteine protease inhibitor as a 
therapeutic target, the method comprising: 

(a) assessing the in vitro binding of a compound as claimed in any one of claims 1 
10 to 29 to an isolated known or putative cysteine protease, providing a measure of 

^potency and optionally, one or more of the steps of: 

(b) assessiag the binding of a compound as claimed in any one of claims 1 to 29 to 
closely related homologous proteases of the target and general house-keeping 

15 proteases (e.g. trypsin) to provides a measure of 'selectivity'; 

(c) monitoring a cell-based functional marker of a particular cysteine protease 
activity, in the preseace of a compound as claimed in any one of claims 1 to 29; and 

20 (d) monitoriag an animal model-based functional marker of a particular cysteine 
protease activity, in the presence of a compound as claimed in any one of claims 1 to 



31. The use of a compoimd as claimed in any one of claims 1 to 29 in the 
25 vahdation of a known or putative cysteine protease inhibitor as a therapeutic target. 




29. 
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32. A compound as claimed in any one of claims 1 to 29 for use in medicine, 
especially for preventing or treating diseases in which the disease pathology may be 
modified by inhibiting a cysteine protease. 

5 

33. The use of a compound as claimed in any one of claims 1 to 29 in the 
preparation of a medicament for preventing or treating diseases in which the disease 
pathology may be modified by inhibiting a cysteine protease. 

10 34. A compound as claimed in any one of claims 1 to 29 for use in preventing or 
treating Chagas' disease. 

35. A compound as claimed in any one of claims 24 to 29 for use in preventing or 
treating Chagas' disease. 

15 

36. The use of a compound as claimed in any one of claims 1 to 29 in the 
preparation of a medicamrat for preventing or treating Chagas' disease. 

37. The use of a compound as claimed in any one of claims 24 to 29 in the 
20 preparation of a medicament for preventing or treating Chagas' disease. 

38. A pharmaceutical or veterinary composition comprising one or more 
compounds as claimed in any one of claims 1 to 29 and a phannaceutically or 
veterinarily acceptable carrier. 

25 

39. A process for the preparation of a pharmaceutical or veterinary composition as 
claimed in claim 38, the process comprising bringing the active compoxmd(s) into 
association with the carrier, for example by admixture. 
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